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book  i^ves  the  properties  of  diesel  oils  with  additives,  and 
laboratory-  and  operating-test  resxilts  for  diesels  of  various  types. 

It  has  been  compiled  on  the  basis  of  a  generalization  of  advanced  ejc- 
perlenced  gained  in  the  development,  testing,  and  application  of  r*ew 
types  of  diesel  oils  and  additives. 

The  book  is  designed  for  engineers  and  technicians  working  in  pe¬ 
troleum  reiinerles  or  diesel-engine  manufacturing  plants  or  in  orgarJL- 
zatlons  concerned  with  the  applications  of  diesel  oils,  and  may  also 
prove  useful  to  students  in  the  teohxiical  higher  educational  institu¬ 
tions. 
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imODUCTION 

The  growing  nuiriber  of  engines  of  all  types,  and  in  particular  the 
increased  production  of  diesel  locomotives,  tractors,  and  marine  and 
stationary  diesel  engines  require  fuels  and  lubricating  oils  of  ever 
higher  quality. 

To  meet  the  requirements  of  the  national!  economy  of  the  Soviet 
Union  for  petroleum  products,  the  seven-year  plan  provides  for  a  pe¬ 
troleum-production  goal  of  up  to  230-240  million  tons  per  year  in 
1965.  Over  this  period,  the  production  of  lubricating  oils  should  be 
doubled.  The  problem  of  motor  lubricating-oil  quality  and  variety  haa 
become  especially  important. 

Advances  in  diesel-engine  design,  increased  diesel  combustion  in¬ 
tensity,  the  need  for  the  broad- scale  utilization  of  sulfur-bearing 
fuels  with  a  simultaneous  increase  in  engine  reliability  and  service 
life  —  all  these  factors  malo?  it  necessary  to  improve  lubricatir^-oil 
quality  considerably. 

lOidern  oils,  designed  to  lubricate  supercharged  diesel  engines 
should  be  considered  to  be  mixtures  consisting  of  an  oil  base  (the 
base  oil)  and  additives  designed  to  improve  those  operating  character¬ 
istics  that  cannot  be  bettered  with  the  aid  of  ordinary  petroleum-re¬ 
fining  and  oil-purification  methods.  Thus,  a  radical  improveiimnt  in 
diesel-oil  quality  may  be  obtained  primarily  by  choosing  suffiolentlijr 
effective  additives.  Here  we  are  coimemed  to  increase  precisely  thode 
oil  quality  indicators  that  do  not  satisfy  the  operating  requiresusnts 
of  actual  ensir.0  types, 
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A  similar  situation  exists  with  respect  to  two  requirements  for 
fuels  and  oils  ^or  other  types  of  engines  as  well. 

This  fact  has  opened  up  a  new  field  of  technology  -  the  applica¬ 
tion  of  petroleum  products. 

The  piToblems  of  choosing,  using,  emd  increasing  the  quality  of 
oils  and  additives  for  various  types  of  engines  may  be  solved  onlj^^  by 
the  combined  efforts  of  petroleum  chemists,  machine  designers,  and  op¬ 
erating  personnel.  K.K.  Papok  mentioned  a  situation  specifically,  say¬ 
ing  that  “at  the  junction  of  two  completely  different  branches  of  sci¬ 
ence  and  technology,  the  chemistry  and  technology  of  petroleum  on  the 
one  hand,  and  machine  design  on  the  other,  the  past  30-33  years  has 
seen  a  new  branch  of  science  and  technology  arise  -  the  application  of 
fuel  and  oil  in  motors  and  machinery.”* 

In  the  present  work,  the  author  has  attempted  to  generalise  ex¬ 
perience  gained  over  recent  years  in  the  utilization  of  oils  with  ad¬ 
ditives  in  diesel  engines,  in  order  to  help  solve  the  problem  of  in¬ 
creasing  diesel-oil  quality. 
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Chapter  1 

PRESENT-DAY  VARIETY  AND  QUALITY  OF  DIESEL  OILS 

PROSPECTS  FOR  DEVELOPMENT  OP  DIESEL-ENOINE  DESICSNS  AND  BASIC  REQUIRE¬ 
MENTS  FOR  DIESEL-OIL  QUALITY 

The  1959-1965  plan  for  the  development  of  the  national  economy 
of  the  Soviet  Union  provides  for  a  considerable  increase  in  the  pro¬ 
duction  of  diesel  locomotives,  ships,  a  high  level  of  agricultural 
mechanization,  an  increase  in  construction  and  road-building  activi¬ 
ties,  and  the  growth  of  other  branches  of  industry  and  transportation 
all  of  this  requires  a  major  increase  in  the  production  of  chips  of 
various  powers,  types,  and  functions. 

The  basic  tasks  facing  the  domestic  diesel-englnB  industry  over 
this  period  involve  increasing  the  efficiency,  reliability,  and  life¬ 
time  of  the  diesel  engines  manufactured. 

A  characteristic  feature  of  diesel-engine  development  may  be  con¬ 
sidered  to  be  the  widespread  utilisation  of  gas-turbine  supercharging 
and  the  perfection  of  the  operating  cycle  with  the  aim  of  in^sxjvijig 
the  efficiency  with  which  ths  cylinder  working  volume  is  utilised, 
raising  fuel  economy,  and  decreasing  the  weight-horsepower  ratio  of 
the  engines. 

The  possible  further  development  of  diesel  supei^harging  by  the 
use  of  gas  turbines  may  have  as  a  consequence  some  increase  in  engine 
combustion  intensity;  the  requirements  for  lubricating-oil  quality 
will  therefore  be  more  severe. 

Another  feature  of  diesel-engine  development  is  the  need  for 
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widespread  utilization  of  sulfur-bearing  diesel  xUels;  where  oil  qual¬ 
ity  Is  Inadequate^  this  may  lead  to  a  decrease  In  the  motor  potential. 

Thus,  the  solution  of  the  problems  raised  by  these  trends  In 
diesel  development  requires  a  considerable  Increase  In  the  quality  of 
the  lubricating  oils  used. 


Combustion  Intensity  In  diesels.  The  temperatures  of  the  surfaces 
In  the  engine  cyllnde3>plston  system,  with  which  the  oil  Is  In  con¬ 
stant  contact,  are  of  decisive  importance  for  the  rate  of  oil  oxida¬ 
tion  and  subsequent  thermal  decomposition,  l.e.,  for  the  processes  of 
carbon  formation,  corrosion,  and  wear.  The  higher  the  temperature  of 
the  piston  In  the  region  of  the  side  siirface  and  the  ring  grooves,  the 
more  vigorous  the  thermal  decoo^osltlon  of  the  oil  with  formation  of 
carbon  and  varnish;  this  results  In  a  loss  of  plston-rlng  mobility, 
and  Impairment  of  piston  thermal  conductivity. 


TABLE  1.  Piston  l^mperatures  for  Several  Types 
of  Idesel  Engines 
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1)  Type  of  engine j  2)  temperature,  °Ci  3)  Pis¬ 
ton  cis)wn  (maxissaa);  4)  piston  in  I'eglon  of 
top  ring  groove;  5)  o)  ChN;  7)  D. 

Engine  combustion  Intensity  depends  on  a  full  series  of  struc¬ 
tural  factors  and  the  peculiarities  of  the  mrking  cycle  (exce  a-air 
coefficient,  cooling  setup,  etc. },  but  in  general,  the  combustion  in¬ 
tensity  Increases  as  the  mean  effective  pressure  goes  up. 

Figure  1  shows  a  standard  piston  temperature  distribution. 


Table  1  gives  results  of  plston-teisperature  measurements  for  sev¬ 
eral  types  of  diesel  engines. 

As  the  data  show  for  the  types  of  engines  indicated,  the  maximum 
piston-crown  teij?)erature  fluctuates  over  quite  a  broad  range,  but  in 
the  region  of  the  top  piston  ring,  the  ten^erature  does  not  exceed 
250®C,  As  a  rule,  the  utilization  of  gas-turbine  supercharging  elevates 
piston  temperature  somewhat. 


lani 


luifsr 

Slur 

IIRR 


1.  Tes^perature  distribution  for  pis¬ 
ton  of  Ch23/30  diesel  engine  (with  cham¬ 
ber  in  piston). 

thus,  for  example,  with  0.5  sta  superoharsing  of  a  <Sil0.5/l3 
gins.’,  the  aaximua  piston- crown  tecperature  rises  from  225  to  235-23T®G 
while  the  tenijerature  iXi  the  region  of  the  top  piston  ring  Increases 


from  212  to  230^C. 


Figure  2  shows  the  variation  in  piston  temperature  for  a  6Ch23/30 
engine  (data  of  the  Central  Dlasel  Scientific  Research  Institute)  su¬ 
percharged  from  600  to  900  horsepower  hy  means  of  gas-turbine  super- 
ciiarglng. 

Engine  combustion  intensities  may  be  characterized  direct ly 
through  data  obtained  by  measuring  the  temperature  of  the  piston  sice 
wall,  in  partlc\2lar  the  temperatiares  in  the  area  of  the  top  piston 
compression  rings,  where  the  carbon-  and  varnish-formation  processes 
are  most  intense.  There  is  almost  no  detailed  system  having  data  pr? 
sently  available  for  all  types  of  diesel  engines,  and  the  sparse 
perature-measurement  results  available  cannot  be  ccxmp^red  reliab^^y, 
owing  to  the  differences  in  the  methods  of  determination  used.  It  is 
therefore  necessary  to  characterize  the  combustion  intensities  with 
the  aid  of  parameters  that  determine  the  degree  of  engine  supercharging, 


2.  ‘^’5:^erature  variation  for  pis¬ 
ton  Gh23/30  diesel  with  power  output 
isicreased  by  suporchai^glng  (the  sus- 
bers  1,  2,  and  3  indicate  points  at 
which  piston  tor^sraturo  was  jssas-p 
urea).  1}  Comporaturo,  2)  kg/ca*; 
3)  effective  ^lorsepower. 


The  conhustion  intensity  of  an  engine  depends  prinaslly  on  th 


,\>:.J|':*?«:7:^’>‘.>*'* iil;'  V^-viT^ •:«"*  i 


TABLE  2.  Classification  of  Diesel  Engines  on 
Basis  of  Supercharging 
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1)  Group;  2)  engine  type  and  basic  character¬ 
istics;  3)  type;  4)  designations;  5)  engine 
power,  effective  horsepower:  6)  speed,  rpm;  7) 
mean  piston  speed,  m/sec;  8)  mean  effective 
pressure,  kgf/cin^;  9)  supercharging  criterion 
K^;  10)  high- Intensity  diesels  (Kj.  greater 

than  50);  11)  special  engines;  12)  medium-in- 
tensity  diesels  (K^  from  30  to  50);  13)  low- 

intensity  diesels  (K^  below  30);  14)  ChH;  15) 

D;  16)  YaAZ;  17)  Qi;  l8)  ZD;  19)  KDM. 


mean  effective  pressure  p_. 

C 

In  comparing  the  combustion  intensities  of  different  types  of 
diesels.  It  is  convenient  to  use  the  supercharging  criterion  K^,  wiilch 
characterizes  the  efficiency  with  which  the  working  volume  of  the  cy-A 
Under  is  used; 

*■  PfCws, 

where  p^  is  the  mean  effective  pressure,  kg/cm  ;  is  the  maan  pistcn 
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speed,  m/secj  z  is  a  cycle  factor  (z  =  0.5  for  four-cycle  engines,  z  - 
=  1.0  for  two-cycle  engines). 

There  is  no  basis  for  expecting  an  increase  in  due  to  any  con¬ 
siderable  increase  in  since  this  will  be  limited  by  the  strength 
of  the  material. 

On  the  other  hai'*d,  the  possibilities  for  increasing  p_  are  good 
where  gas-turbine  supercharging  is  used.  The  future  development  of 
diesel-engine  design  will  see  an  Increase  in  the  mean  effective  pres¬ 
sure  from  p.  =  5-6  kg/om^  to  values  of: 

6 

for  4-cycle  diesels,  p.  =  20-25  kg/cm^; 

for  2-cycle  diesels,  p  =  12-14  kg/cm^. 

Domestically-produced  diesels  may  be  classified  on  the  basis  of 
supercharging  into  three  basic  groups  (Table  2). 

The  first  group  Includes  the  most  highly  supercharged  engines, 
using  gi':  turbines,  which  have  values  of  exceeding  50,  mean  piston 
speeds  above  9  m/sec,  and  piston  temperatures  in  the  region  of  the 
top  piston  ring  that  normally  exceed  250^0.  Here  we  have  included  cer¬ 


tain  special-purpose  engines  and  individual  preproduction  diesel  mod¬ 
els  that  use  a  high  degree  of  supercharging  and  that  are  presently  un¬ 
dergoing  tests  or  are  in  the  final  stages  of  development. 

To  characterize  the  diesels  in  this  group,  we  have  given  the 
characteristics  of  several  present-day  highly  supercharged  engines 
produced  by  foreign  companies: 


(6ChN30/50)  . .  1700 

Guismins  (cmo.5/12.7) . 300 

Sulser  (6m6/22.5x2)  . .  2750 


n 

Cm 

m 
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6.0 

20 

60 

1 

3600 

15.2 

11.4 

67 

1000 

7.5 

12.5 

94 

Ti.C‘  second  group  includes  several  series  of  stipercharged  locomo¬ 
tive  and  marine  diesels  (Types  2D100,  D-50,  etc. ),  with  supor- 
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•TA3I£  3.  Petroleum- Production  Increase  In 
Urals-Volga  District,  % 
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1)  Year;  2)  entire  USSR;  3)  including;  4) 
Urals-Volga  District;  5)  Southern  District;  6) 
other  districts;  7)  planned. 


TABLE  4.  Proportions  of  Low- Sulfur  and 
High- Sulfur  Diesel  Fuels  to  be  Produced  • 
over  1959-1965  Period,  % 


1959  r. 

10(55  r. 

iManoccpinicTOQ  AioeaMioc*  Toiinitno  (coRop* 

_  jKaimc  ccpw  or  0,2  RO  0.6%) . 

^CopiiijcTOO  .inae.-iMioo  Tonanno  (coRppjKnniia 
COpU  OT  0,0  RO  1.0%) . 

23,2  i 

5!».(t 

65.7 

as.s 

1)  Low-sulfur  diesel  fuel  (sulfur  con¬ 
tent,  0.2  to  0.6j^);  2)  high-sulfur  die¬ 
sel  fuel  (sulfur  content,  0.6  to  l.OJ^). 


charglns  Indices  K^.  ranging  from  30  to  50  and  piston  tea^eratures  in 
the  region  of  the  top  compression  ring  of  the  order  of  250®C. 

The  third  group  includes  relatively  low-intensity  diesels  with 
values  of  below  30.  The  corresponding  piston  temperature  is  normally 
below*  250®C;  thus,  for  example,  for  the  Chl0,5/l3  diesel,  it  lies  in 
the  210-220^0  range. 

Utilisation  of  sulfur-be£a*ing  fuel.  In  order  to  satisfy  the  re¬ 
quirements  of  the  national  economy  for  petroleum  products,  and  pri¬ 
marily  for  fuels  and  oils,  the  output  of  petroleum  will  rise  to  230- 
240  million  tons  by  I965.  The  production  of  diesel  fuels  and  oils  ma^ 
be  increased  chiefly  by  increasing  the  extraction  and  refining  of  sul¬ 
fur-bearing  crudes  from  Eastern  fields.  ^ 

l-rnile  before  the  war  the  requirements  for  diesel  fuels  and  oil:) 

^  ^ 


Ware  met  baslc^ly.by  refluing  lowr sulfur  Baku,  Grosnyy,  and  other 
Southern  crudes*  at  the  present  time  a  considerable  number  of  the  die¬ 
sel  engines  produced  In  Increasing  numbers  during  the  postwar  five- 
yoar  plans  use  fuel  obtained  from  Vtoroy  Baku  crudes,  i.e.,  from  Ural- 
Volga  fields,*  as  Is  well  known,  high  sulfur  content  Is  characteristic 
of  these  crudes. 

The  considerable  increase  in  the  relative  importance  of  Ural- 
Volga  crudes  with  respect  to  the  total  production  of  the  petroleum  In¬ 
dustry  of  the  Soviet  Union  may  be  seen  clearly  from  the  data  [46] 
given  in  Table  3* 

It  follows  from  this  data  that  by  1965  as  much  as  80^  of  all  pe¬ 
troleum  will  be  extracted  in  the  form  of  sulfur-bearing  and  high- sul¬ 
fur  crudes.  Thus,  petroleum  refiners  can  expect  a  reduction  In  the 
qv alloy  of  the  crude  stock. 

Although  before  the  war  the  sulfur  content  of  diesel  fuel  did 
not  exceed  Q,2f  on  the  average,  at  the  present  time,  the  majority  of 
diesel  engines  at  work  in  the  national  economy,  including  tractor,  lo¬ 
comotive,  marine,  and  statlonaxqr  engines,  use  GOST  305**58  diesel  fuel 
which  contains  up  to  l.Oji  sulfur. 

The  proposed  relationship  between  diesel  fuels  of  various  sulfur 
contents  and  total  production  for  the  1959-1965  period  is  snown  in  Ta¬ 
ble  4. 

We  remove  sulfur  from  f..-l3  by  the  hydrogenation  (hydrogen  refin¬ 
ing)  method  on  a  limited  scale.  The  future  plans  for  the  petroleum- re¬ 
fining  industry  provide  for  the  introduction  of  additional  capacity 
for  hydrogen  refining  of  petroleun  products,  and  in  the  future,  the 
production  of  purified  (low-sulfur)  fuel  wlH  rise,  and  the  relative 
consumption  of  high-sulfur  fuels  (0.6  to  l.OJg  sulfur)  will  gradually 
deox'ease,  as  we  can  see  from  the  data  given  in  Table  4« 


# 

Nonetheless,  for  the  near  futiire,  the  consiainer  mist  reckon  with 
the  need  for  broad- scale  utilization  of  high- sulfur  fuels  and  oils. 

As  we  know,  utilization  of  hl^- sulfur  fuels  results  in  increased 
wear  and  carbon  formation.  The  replacement  of  Baku  oils  with  oils  made 
from  Eastern  sulfur-bearing  crudes  will  also  increase  the  amount  of 
varnish  and  carbon  deposited  on  the  engine.  Thus,  high- sulfur  fuels 
can  be  used  in  diesel  engines  and  the  necessary  motor  potential  re¬ 
tained  only  if  oils  with  sufficiently  effective  additives  are  used. 

The  increase  in  engine  motor  potential,  i.e. ,  the  increased  en¬ 
gine  service  life  before  imjor  repair  is  required,  demands  primarily  ‘ 
a  decrease  in  the  wear  of  the  basic  moving  pairs  \mder  service  condi¬ 
tions. 

» 

It  is  an  especially  difficult  task  to  Increase  motor  potential 
in  view  of  the  need  for  the  broad-scale  utilization  of  high-sulfur 
fuels,  since  combustion  products  of  high- sulfur  fuels  increase  wear 
and  carbon  formation,  and  accelerate  the  aging  process  in  lubricating 
oils. 

The  p3?oblem  of  extending  engine  life  must  be  solved  by  improving 
the  quality  of  parts  manufacture,  selecting  wear-resistant  materials, 
making  use  of  heat  treatment,  protective  coatings,  and  fuel  additives 
as  wd”:  ?,s  by  improving  the  quality  of  the  lubricants  used. 
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TABI£  5.  Oil  Burnt  by  GAZ-51  Engines  in  Vari¬ 
ous  Conditions 
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new-englne  loss;  5)  of  fuel  oonsumptioni  6)  womj  7)  worn,  following 
replacement  of  pistons  and  rings;  8)  new. 

I 

■  i  ■  ■ 

Decreasing  1  oil  eonsiunption.  Another  Important  task  facing  diesel- 

I 

engine 'manufacturers  and  petroleum  refiners  is  that  of  decreasing  the 
amount  of  oil  consumed  by  diesels. 

At  the  present  time,  tl^  average  oil  consuu^tion  in  diesel  en¬ 
gines  is  of  the  fuel  consumption,  and  it  exceeds  the  average 

oil  consumption  in  the  United  States. 

Engine  oil  consumption  consists  of:  a)  burnt  oil;  b)  the  fresh 
oil  used  to  replace  spent  oil.  The  amount  of  oil  burnt  by  an 'engine  is 
relatively  independent  of  the  grade  of  oil,  since  any  petroleiun  oil 
entering  the  upper  zone  of  the  cylinder  barrel  and  coming  into  contact 
with  the  hot  gases  -  the  fuel  combustion  products  —  will  undergo  vig¬ 
orous  thermal  decoii$>osition,  i.e.,  it  will  burn  up.  The  amount  of  oil 
burnt  depends  primarily  on  the  condition  of  the  engine. 

Table  5  shows  data  due  to  N.¥.  Brusyantsev  [3]  on  the  oil  burnt 
by  QAZ-31  engines  depending  on  condition. 

Future  plans  for  diesel-engixre  design  development  call  for  a  de- 
crease  in  average  oil  consumption  to  3*  0^  of  the  weight  of  fuel  con¬ 
sumed  for  marine,  stationary,  and  mobile  diesel  engines  and  a  reduc¬ 
tion  to  2.3$^  for  automotive  diesels. 

Oil  cozisumptlon  may  be  reduced  by:  1)  improving  oil  quality;  2) 
extending  the  useful  life  of  the  oil  in  the  engine  by  increasing  its 
stability  and  in^roving  purification  devices  (filters,  centrifuges); 

3)  by  regeneration  of  spent  oil. 

£y  raising  oil  quality  (improving  viscosity-tecperature  charac¬ 
teristics,  detergency,  and  thermal  stability)  It  will  be  possible  to 
decrease  the  amount  of  oil  burnt  and  extent  the  iiseful  life  of  oil 
in  an  engine. 


Thus^  looking  at  all  of  these  trends  in  diesel  developnenj  for 
the  next  few  years,  e.g. ,  Increasing  conbustlon  Intensity,  greater  mo¬ 
tor  potential,  utilization  of  high-sulfur  fuels,  and  decreased  oil 
consiunption,  we  must  conclude  that  a  considerable  linprovement  in  the 
quality  of  domestic  lubricating  oils  is  needed.  As  we  have  already 
noted,  it  is  possible  to  raise  oil  quality  both  by  improving  the  basic 
oil  and  by  choosing  appropriate  additives.  Ihe  high  quedlty  of  the 
best  modern  oils  is  achieved  basically  by  introducing  into  the  compo¬ 
sition  of  the  oil  additives  that  make  it  possible  to  obtain  perfor¬ 
mance  characteristics  satisfying  the  needs  of  engine  operation.  In  re¬ 
cent  years,  therefore,  a  great  deal  of  attention  has  been  devoted  to 
problems  in  the  development,  choice,  and  testing  of  additives,  the  in¬ 
vestigation  of  the  mechanisms  by  which  they  act,  and  the  development 
of  additive  technical  specifications  applicable  to  actual  engine  types. 

MOST  IMPORTANT  PHYSICOCHEMICAL  PROPERTIES  OP  LIESEL  OILS  AND  THEIR  EF¬ 
FECT  ON  ENGINE  OPERATION 

The  basic  function  of  a  lubricant  consists  in  decreasing  friction 
losses  and  reducing  wear  on  the  working  surfaces  of  engine  or  mechan¬ 
ism  components. 

In  addition,  an  oil  performs  several  other  functions  such  as  pro¬ 
tecting  the  engine  against  corrosion,  and  cooling  the  working  suiv 

* 

faces.  The  tendency  of  an  oil  to  deposit  carbon  and  varnish  on  hot  en¬ 
gine  parts  should  be  reduced  to  a  minimum,  it  should  possess  adequate 
thermal- oxidation  stability,  and  it  should  retain  its  composition  and 
properties  for  an  extended  period  of  time  under  service  conditions. 

For  an  oil  to  be  suited  to  its  functions,  it  should  satisfy  spe¬ 
cific  technical  specifications.  The  development  and  formulation  of 
such  oil  specifications  for  specific  engine  types  Involves  soma  diffi¬ 
culty  owing  to  the  fact  that  the  icethods  known  to  us  for  evaluating 


oil  quality  are  still  Inperfect^  and  a  definitive  Judgment  as  to  the 

suitability  of  a  given  t^  of  oil  can  be  nade^  as  a  rule,  only  after 

’i  ' 

extended  bench  or  operating  testa. 

As  we  have  already  noted«  the  properties  of  present-day  oils  rep¬ 
resent  the  properties  of  the  base  ell  as  affeoted  by  additives,  which 
is^rove  certain  performance  characteristics.  Thus,  in  the  present  sec¬ 
tion  we  shall  be  concerned  primarily  with  the  fundamental  properties 
of  the  base  oil,  and  we  shall  not  be  concerned  with  the  effects  of  va¬ 
rious  additives.  This  question  is  discussed  in  subsequent  sections. 

As  with  any  petroleum  product,  lubricating  oils  represent  a  mix¬ 
ture  of  many  hydrocarbons  of  various  structures.  From  the  vlawpoint  of 
physical  chemistry,  the  properties  of  an  oil  are  determined  solely  by 
the  composition  and  structure  of  its  component  hydrocarbons. 

In  turn,  the  chemical  compositions  of  oils  depend  both  on  the  na¬ 
ture  of  the  crude  and  on  the  petroleum-refining  and  oil-purification 
techniques  used.  Thus,  in  order  to  compile  actual  technical  specifica¬ 
tions  for  oil  qua]J.ty  applicable  to  oils  of  various  functions,  it  is 
necessary  to  be  conversant  with  the  basic  concepts  of  production  me¬ 
thods,  the  Important  physicochemical  proj^rties,  and  the  importance  of 
these  properties  under  operating  conditions. 

Production  of  lubrioatlnK  oils.  lubricating  oils  are  obtained 
during  distillation  of  petroleum  by  removing  the  appropriate  distilla¬ 
tion  products  and  then  refining  ti^m.  In  accordance  with  the  method 
used  to  prodiuie  them,  oils  are  classified  as  distillates,  residuals, 
and  blended  oils.  The  majority  of  low-viscosity  oils,  such  as  motor 
oils,  machine  oils,  etc.  are  distillates.  Residual  oils  are  the  high- 
viscosity  residues  from  distillation  of  low-gum  petrc/leiim;  they  go‘ 
throu^  special  refining  processes.  Kany  oils  are  also  obtained  by 
blending  distillate  and  residual  oils. 


Lubricating  oils  are  produced  in  atmospheric-reduced  pressure  In¬ 
stallations  (AVT)  in  which  the  heavy  oil  remaining  after  the  gasoline 
and  kerosene- gas  oil  fractions  have  been  driven  off  from  the  petroleum 
are  again  distilled  in  the  vacuum  section  of  the  installation,  with 
the  oil  fractions  being  removed;  the  residue  obtained  (semiaspheilt)  is 
used  in  the  production  of  residual  oils. 

On  the  basis  of  refining  method,  oils  may  be  classified  arbitrar¬ 
ily  as  acld-mechanlcally  refined  or  solvent-refined  oils. 

IXirlng  sulfuric-acid  processing,  undesirable  resinous  compounds 
and  asphaltenes  are  removed  from  the  oils. 

After  sulf»irlc-acld  purification,  oils  are  treated  with  alkali 
and  subjected  to  mechanical  purification  with  fuller *s  earth. 

Oils  obtained  from  tarry  crudes  require  large  quantities  of  sul¬ 
furic  acid  in  refining,  and  yield  small  amoxmts  of  finished  product; 
this  is  economically  undesirable,  and  thus  another  refining  method  is 
used  for  such  oils,  called  deasphaltization.  Deasphaltization  consists 
in  treating  the  oil  with  liquid  propane.  The  oil  is  dissolved  in  the 
propane,  and  the  asphaltenes  and  most  of  the  tars  separate  out  into 
the  residues. 

The  action  of  selective  solvents  is  based  on  their  ability  to 
dissolve  some  specific  components  of  the  oil.  Phenol,  furfurol,  nitro¬ 
benzene,  etc.  are  selective  solvents  of  this  type. 

The  part  of  tlie  oil  purified  by  the  selective  solvent  is  called 
raffinate;  it  consists  basically  of  alkane,  cyclane,  and  certain  aro¬ 
matic  hydrocarbons.  The  extracted  portion  of  the  oil,  l.e.,  tlie  pai't 
removed  by  the  solvent,  contains  polycyclic  hydrocarbons  as  well  as 
naphthenic  acids,  tars,  asphaltenes,  and  other  cos^ounds  containing 
acids. 


Oils  containing  large  quantities  of  paraffins  have  high  pour 

-  15  - 


points,  and  shoip.d  ba  put  throxigh  a  deparaffinlzation  process;  this 
consists  In  addl|)g  solvents,  cooling  the  oil  solution  to  a  suffi¬ 
ciently  low  temperature,  and  removing  the  crystallized  paraffin. 

The  yields  and  boiling  ranges  of  the  fractions  depend  on  the  na¬ 
ture  of  the  petroleum  being  processed  and  on  the  purposes  for  which 
the  final  oils  are  to  be  used.  The  boiling  ranges  of  such  oils  as  mo¬ 
tor-10,  diesel  B-U  normally  lie  In  the  300-330  to  520-530°C  range, 
adjusted  for  atmospheric  pressure. 

When  light  Blbl-Eybatskly  petroleum  Is  distilled,  the .yield  of 
residual  oil  Is  about  50fi  of  the  crude,  while  the  yield  of  all  oily 
fractions  Is  63-65$$  of  the  residual  oil  entering  the  vacuum  section  of 
the  Installation. 

Viscosity  or  Internal  liquid  friction  Is  a  very  Important  oil 
property,  which  Is  responsible  for  the  creation  of  a  strong  oil  film 
on  rubbing  surfaces  and  for  the  sealing  of  gaps. 

(Qie  unit  of  dynamic  viscosity  is  the  poise  (pz),  which  repi'esents 

o 

the  Internal  friction  that  appears  when  two  liquids  1  cm  In  area  move 
with  respect  to  each  other  for  a  distance  of  1  cm  at  a  speed  of  1  m/ 
/sec  under  a  force  of  1  dyne. 

(Hie  dimensions  of  the  poise  are  dyne,  sec/cm^,  or  g/cm/sec. 

Ihe  Idnematlc  viscosity  is  the  ratio  of  the  dynamic  viscosity  to 
the  density  of  the  liquid.  The  unit  of  kinematic  viscosity  Is  the 
stoloe  (st),  whose  dimensions  are  om^seo.  One  one-hundredth  of  a  stoke 
is  a  centlstokc  (cst). 

The  relative  viscosity  Is  the  viscosity  expressed  In  relative 
units,  and  it  is  obtained  from  various  viscosimeters.  In  the  USSR, 
relative  viscosity  Is  expressed  in  degrees  VU,  which  correspond  to  de¬ 
grees  Engler. 

Practical  experience  has  shown  that  to  provide  reliable  lubrica- 
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tion  of  most  me<aiiuii-lntenslty  diesel  engines  with  piston  speeds  of  up 
to  7-8  m/sec,  it  is  necessary  to  use  oils  with  kinematic  viscosities 
in  the  10-12  sst  range  at  lOO^C.  For  hl^er-intensity  diesels  with 
piston  speeds  of  8-10  m/sec,  oils  with  viscosities  of  14-20  sst  at 
lOO^C  are  used. 

It  should  he  noted  that  there  is  no  point  in  ao  tempting  to  use 
oils  with  too-high  a  viscosity.  • 

As  we  know  from  the  hydrodynamical  theory  of  lubrication,  devel¬ 
oped  hy  N.P.  Petrov,  the  friction  factor  (f )  is  defined  hy  the  expres¬ 
sion 

where  is  the  dynamic  viscosity  of  the  oil  in  kg*  sec/m  ;  V  is  the 
speed  at  which  the  rubbing  surfaces  move,  m/sec;  h  is  the  thickness  of 
the  oil  layer  separating  the  rubbing  surfaces,  mj  P  is  the  relative 

p 

load,  kg/cm  . 

TABLE  6.  limiting  Viscosities  Providing  Oil 
Puspabillty  and  Engine  Starting  (Bata  Due  to 
N.  G.  Puchkov) 
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ing;  3)  pumpability;  4)  starting;  5)  GAZ-51; 
6)  ZIi;i20:  7)  ST-%  starter. 


The  formula  given  holds  for  the  case  of  fluid  friction.  It  fol¬ 
lows  from  the  formula  that  the  energy  expended  on  overcoming  frlctlort 
will  be  directly  proportional  to  the  viscosity  of  the  oil.  According 
to  the  data  of  NATI  [Scientific  Research  Institute  for  Automobiles  a;/J 
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TractorsJj  if  MK-22  oil  replaces  D*ll  oil  in  a  ]>35  exigine^  a  power 
loss  of  6^  will  result. 


0  S  to  10  30  V  iO  Si  JO  so  39 

tMoepaa^pa 


PlG*  3*  Oil  viscosity- teinperature  curves.  1) 
MK-22;  2)  MT-l4p;  3)  Ep-11;  4)  Dp-8;  5)  klne- 
matio  viscosity^  centistokes;  6)  teinperature. 


In  addition;,  high  oil  viscosity  hampers  engine  startins.  Hisl> 
visc^sity  oils  are  recommended  not  only  for  the  engines  mentioned, 
which  have  high  piston  speed,  but  also  for  diesels  operated  in  Southern 
areas,  under  elevated  ambient  tempera tiires,  and  for  lubricating  heavily 
worn  engines.  On  the  other  hand,  winter  diesel  oils  should  be  lower  in 
viscosity  (I5)-8  oil). 

ISae  oils  used  for  oarburator-type  automobile  and  tractor  engines 


are  less  viscous  than  those  used  for  diesels,  and  requirements  for 
such  oils  may  he  satisfied  by  the  range  of  automobile  oils  (motor 
oils)  having  viscosities  of  from  5-6  to  14-15  sst  at  100®C. 

The  concept  of  the  limiting  viscosity  for  which  ell  pumpabillty 
in  the  engine  system  and  engine  starting  are  guaranteed  is  used  to 
evaluate  the  starting  properties  of  oils.  Ilmltlng-vlscoslty  values 
.may  fluctuate  within  quite  a  broad  range,  depending  on  the  type  of 
engine,  the  starter,  and  other  elements  of  the  starter  system. 

M.P.  Volarovich  believes  that  for  easy  starting  of  automobile 
engines,  oil  viscosity  at  the  starting  temperature  should  be  no  more 
than  9000-10,000  sst. 

Table  6  gives  data  on  oil  limiting  viscosity  for  various  types  of 
automotive  engines  [36]. 

Figure  3  shows  the  way  in  which  viscosity  depends  on  temperature 
for  several  oils  used  in  diesel  engines. 

Oiliness  or  the  lubricating  ability  of  an  oil  is  a  concept  that 

\ 

is  introduced  in  order  to  characterize  the  strength  of  the  oil  film 
under  boundary-lubrication  conditions. 

vrnile  under  fluid- lubrication  conditions,  the  strength  of  the  oil 
film  is  determined  primarily  by  the  viscosity  of  the  oil,  under  bound¬ 
ary-friction  conditions,  the  strength  of  the  oil  film  is  affected  sub¬ 
stantially  by  the  presence  in  the  oil  of  surface- active  (polai')  mole¬ 
cules,  which  provide  the  strong  contact  between  the  oil  film  and  the 
mstai  surface. 

The  surface-active  materials  include  naphthene  and  fatty  acids, 
asphalt-resin  substances,  and  sulfur  compounds  [50].  Vegetable  oils 
(such  as  castor  oil)  are  considere^bly  better  with  respect  to  oiliness 
than  petroleum  oils.  Heavy  refining  of  oils  removes  the  asphalt-resin 
coE^ounds,  thus  icpairlns  the  lubricating  ability. 


Vegetable  oils  and  mlxtnrea  of  vegetable  oils  with  mineral  oils^ 
however,  have  poor  oxidation  stability,  and  thus  they  have  not  found 
vjlde  application  as  ez^glne  lubricants. 

High  oll-fllm  strength  Is  necessax^  primarily  to  ensure  reliable 
lubrication  of  parts  subject  to  high  pressures  such  as  the  various 
types  of  gear  Jb^lyes  Ctranstaisslon  oils).  Here  the  lubrlcatlns  ability 
of  an  oil  may  be  Increased  by  the  utilization  of  additives,  which  are 
called  antiwear  or  antlsooring  additives.  Such  additives  include  high- 
molecular-weight  organic  acids  and  their  salts,  sulfured  oils,  and  va¬ 
rious  compounds  containing  sulfur  or  phosphorus. 

OlUness  is  normally  evaluated  by  means  of  tests  on  some  given 
friction  machine.  The  most  common  evsduatlon  method  employs  a  four- 
ball  friction  machine  of  well-known  design  for  the  tests.  It  should  be 
noted,  however,  that  oll-evaluatlon  results  obtained  by  means  of  fric¬ 
tion  machines  do  not  always  agree  with  results  obtained  under  actual 
service  conditions  [5]. 

Oil  oxidizability.  During  easlne  operation,  the  lubricating  oil 
is  subjected  to  a  process  of  oxidation,  primarily  under  the  influence 
of  the  oxygen  In  tlie  air  and  hl^  temperatures.  The  aooumulatlon  in  an 
oil  of  such  oxidation  parts  as  hydroxy  adds,  gums,  and  asphaltenes  is 
the  basic  factor  responsible  for  the  appearatice  of  various  engine  de¬ 
posits  -  carbon,  varnish,  and  residues  (sludge)  in  the  oil.  forma¬ 
tion  of  peroxides  and  acids  is  responsible  for  oil  corrosiveness.  A 
considerable  accusulation  of  oxidation  products  in  the  oil  noccssi 
tate  the  complete  elimination  of  the  oil  from  the  engine  lidirioation 
system  asd  sisbstltutlon  of  fresh  oil. 

Use  ability  of  an  oil  to  resist  oxygen  reaction  is  called  the  ox¬ 
idation  stability,  or  the  thermal  oxidation  stability.  Oil  oxidation 
stability  Is  a  very  important  property  and  thus  the  study  of  condi- 


.,f  .  -V\ 


I 


L^’ 


s 


tions  affecting  the  oxidation  process  has  been  the  subject  of  many  in- 
;  vestigatlons. 

Hydrocarbons  oxidize  in  stages,  passing  through  various  interme¬ 
diate  steps,  and  oxidation  depends  on  the  structure  of  the  hydrocar¬ 
bons  and  the  conditions  under  which  the  process  occurs. 

The  most  readily  oxidized  hydrocarbons  are  the  paraffins,  fol¬ 
lowed  by  the  naphthenes,  while  the  aromatic  hydrocarbons  prove  to  have 
the  greatest  oxidation  stability.  Thus,  the  alkylated  aromatic  hydro¬ 
carbons,  which  also  have  the  flattest  viscosity  curve,  are  a  very  val¬ 
uable  component  of  an  oil.  Hydrocarbons;  of  hybrid  structure  such  as 
naphthene- aromatic  or  alkylated  aromatic  hydrocarbons,  which  have  long 
side  paraffin  chains,  also  prove  to  be  readily  oxidizable. 

Hydrocarbon-mixture  oxidation  differs  in  natui^  from  pure-hydro- 
carbon  oxidation,  since  the  individual  hydrocarbon  groups  mutually  af¬ 
fect  the  acceleration  or  retardation  of  oxidation  reactions.  Thus, 
compounds  of  the  phenol  type  are  strong  antioxidants. 

Thus,  for  oils  that  are  mixtures  of  many  hundreds  of  hydrocarbons 
of  differing  structure,  the  oxidation  process  is  extremely  compli¬ 
cated. 

Oil  oxidation  has  been  studied  in  great  detail  by  N. I.  Chornoshu- 
kov  a'^d  S.E.  ICreyn,  as  well  as  by  K..\.  Ivanov  and  other  researc.hors. 

It  has  been  established  that  the  first  intermediate  oxidation  products 
for  hydrocarbons  are  peroxides.  Peroxides  are  unstable  compounds  that 
later  are  transformed  into  acids  and  hydroxy  acids.  In  addition,  alde¬ 
hydes,  ketones,  and  alcohols  may  be  obtained  as  intermediate  o:‘ddation 
products.  Further  oxidation  of  those  products  leads  to  tliicl-coniiig  aiid 
the  formation  of  condensation  and  polymerisation  products  known  as  as¬ 
phaltenes,  estolides,  gums,  etc.,  vihloh  are  precisely  the  sul;3ta::ccs 
that  form  varnish,  carbon,  and  sludge  in  the  oil. 


■^jr  ; 
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A  somewhat  simplified  oxidation  scheme  for  oil  hydrocarbons 
(omitting  several  intermediate  oxidation  compounds  such  as  aldehydes, 
alcohols,  etc. )  may  be  given  in  the  following  form: 


CHj 

GH 

1 

j 

CH3-+ 

j 

CII 

1 

CII3 

CH 

CH.  CH»  Clla 
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CH^  ->  C-OH  CM 


G=0  C-0 


I 


OH  OH 
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1)  ?Iydro carbon;  2)  hydroperoxide;  3) 
acid;  4)  hydroxy  acid;  5;  high-nolecu- 
lar-welght  condensation  or  polymeriza¬ 
tion  product. 


According  to  N.I.  Chernozhukov  and  S.E.  ICreyn  [50],  hydrocarbon 
c:'Cidatiori  may  proceed  in  the  following  two  directions  s 


a 
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1)  Hydrocarbons:  2)  peroxides;  3)  acids;  4) 
tars;  5]  hyd-'oxy  acids:  6)  alphaltogeni 5  ac¬ 
ids;  7)  asphaltfsncs;  6)  estolidos;  9)  -dr- 
bones  and  carboids. 


Tno  ir.tsrmediate  and  final  oxidation  products  listed  here,  such 
au  tia-s,  asphaltenes,  carbe.nos,  etc,,  are  high-molecular-weight  com- 
pe-unds  containing  oxygen,  that  differ  in  their  reactions  to  solvents. 

Aci'crding  to  S.E.  Kreyn  [2c]  the  most  harmful  o>d.dation  products 
rrsn  the  viewpoint:  of  engine  operation  ai'e  the  hydroxy  acids  and  as- 
since  they  do  not  dissolve  in  oil  and  possess  considerable 
trroitoiss,  they  adhere  strc...:'ly  to  ne-tal,  clog^rjg  the  ring  grooves 

c- '  »  W W  W  » 
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As  with  any  chemical  reaction,  the  rate  of  oil  oxidation  rises 
with  temperatiire.  At  ordinary  ambient  temperatures,  oils  oxidize  ex¬ 
tremely  slowly  and  there  Is  almost  no  oxidation  at  all.  Thus  oil  may 
be  stored  in  tanks  of  various  sizes  for  several  years.  But  by  the  time 
oil  has  reached  the  50-60°C  temperature  of  the  crankcase  In  a  working 
engine,  the  rate  of  oxidation  has  become  very  noticeable. 

The  physical  state  of  the  oil  in  an  engine  also  has  an  effect  on 
the  rate  at  which  it  oxidizes.  Oil  will  oxidize  moi*e  slowly  in  a  thick 
layer  than  when  it  is  in  the  form  of  a  thin  oil  film  on  the  surface  of 
lubricated  parts.  Under  equal  temperature  conditions,  the  maximum  oxi¬ 
dation  rate  should  clearly  occur  when  the  oil  is  in  a  finely  dispersed 
condition,  in  the  form  of  an  oil  spray,  when  it  will  have  maximum  con¬ 
tact  with  the  oxygen  of  the  air.  As  a  result,  after  100-200  hours  of 
engine  operation,  the  oil  performance  characteristics  differ  consider¬ 
ably  from  those  of  fresh  oil  (increased  acidity,  mechanical  impuri¬ 
ties,  etc.),  and  varnish  films  and  carbon  are  deposited  on  the  very 
hot  surfaces  of  pistons,  ring  grooves,  and  piston  rings,  l.e.,  strong 
oxidation  and  polymerization  of  the  oil  occurs  with  the ' formation  of 
asphaltenes,  hydroxy  acid  polymers,  etc. 

When  this  happens,  a  certain  amount  of  the  oil,  entering  the 
highest- temperature  zone  (the  piston  head  above  the  first  ring  and  the 
combustion  chamber),  will  decompose  completely  (the  oil  burns  up). 

Oil  oxidation  occurs  much  more  vigorously  in  the  presence  of  me¬ 
tals.  I'!!any  metals,  as  well  as  their  oxides  eind  salts,  act  as  catalysts, 
and  considerably  Increase  the  oxidation- reaction  speed.  The  most  ac¬ 
tive  oxidation  catalysts  are  copper,  lead,  iron,  the  oxides  of  iron 
and  vanadium,  and  the  naphthenates  of  me  tails.  The  action  of  combustion 
products  from  sulfur-bearing  fuels  is  another  factor  accelerating  thd 
oxidation  of  lubricating  oils.  On  the  other  hand,  there  are  several  or- 


.ranlc  compounds  (such  as  phenols,  amines,  phosphites,  etc.  )  that  re¬ 
tard  the  o>d.datlon  reaction  rate.  Such  substances.  Introduced  artifi¬ 
cially  Into  an  oil  In  the  form  of  additives,  are  called  oxidation  in¬ 
hibitors  or  antioxidants. 

It  has  recently  been  noted  that  radiation  from  radioactive  source 
also  tend  to  accelerate  the  process  of  hydrocarbon  oxidation  [24]. 

In  general,  radioactive  Irradiation  of  hydrocarbons  leads  to  some 
molecular  consolidation,  to  polymerization  processes,  and  to  an  In¬ 
crease  In  the  molecular  weight  of  the  Irradiated  hydrocarbon.  Thus, 
for  example,  when  the  dlesel-oll  fraction  of  petroleiun  Is  Irradiated 

Q 

i^ith  a  dose  of  5  x  10^  roentgens,  an  Increase  In  specific  gravity  from 
0.84  to  0.94  was  noted,  while  the  viscosity  (at  38°C)  rose  from  2  to 
50  sst. 

The  direction  taken  by  the  change  In  hydrocarbon  structure  pro¬ 
duced  by  radiation  depends  to  a  considerable  degree  on  the  dose  and 
the  natvire  of  the  Irradiation. 

The  maximum  dose  of  Irradiation  that  leaves  no  noticeable  changes 
In  the  basic  properties  of  the  oil  (for  example,  that  does  not  change 

Q 

viscosity)  is  1-2  X  10  roentgens  [51]* 

Corrosiveness  of  base  oils.  Corrosion  is  the  r.arae  given  to  the 
destruction  of  a  metal  that  Is  caused  by  the  surrounding  medium.  In 
the  majority  of  cases,  corrosion  is  the  basic  factor  responsible  for 
increased  engine  v;ear.  The  hydrocarbons  making  up  an  oil  cannot  by 
themselves  cause  corrosion.  One  of  the  causes  for  the  corrosion  of  a 
rietal  in  an  oil  medium  is  the  presence  and  further  generation  of  vari¬ 
ous  oxidation  products  —  peroxides,  organic  acids,  etc. ,  which  react 
v;ith  the  metal.  Another  factor  responsible  for  engine  corrosion  Is  the 
appearenco  of  combustion  products  from  a  sulfur-bearing  fuel  In  the 
oil.  As  v/e  have  already  noted,  the  first  Intermediate  oxidation  prod- 
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ucts  are  peroxides, 

.  According  to  Denison,  in  the  first  stage  of  the  corrosion  process 
a. peroxide  reacts  with  the  metal  to  form  an  oxide  of  the  metal,  which 
.then  reacts  with  an  acid  to  give  a  solvent; 

RjO  •f’McO 

McO+2RCOOH  ->•  Mc(RC00)s-l.H,0 

where  Me  is  the  metal,  R^Og  the  peroxide,  and  HCX)OH  an  orgarJ.c  acid, 
Denison,  working  with  white  (highly  purified)  oils  has  shown  that  the 
rate  of  corrosion  increases  with  the  amount  of  peroxide  contained  in 
the  oil. 


6  0  13  *9  .V  « 


Fig.  4.  Effect  of  water  content  of 
D-11  cil  on  corrosion  of  lead  at 
te:?^raturc  of  80®C.  1)  Oil  without 
2}  oil  0.5^ ''.'ater;  3)  cor¬ 
rosion,  4)  time  in  houi'S. 

^us,  ssstal  can  corrode  in  the  absence  of  atmospheric  oxygon, 

provided  that  the  oil  contains,  in  addition  to  acids,  peroxides  and 

other  unstable  oxidation  products  that  can  yield  oxyssn. 

Thus,  for  e^ias^le,  Frutton  and  Say  have  shovm  that  corrosion  ot 

lead  will  occur  in  a  mixture  of  quinone  and  dodecanoic  acid  in  the  ab- 
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conce  of  atmospheric  oxygen. 

AccorcUng  to  N. I.  Chernozhukov  [50]j  organic  acids  react  basically 
v.lth  the  hydrate  of  the  metallic  oxide,  which  forms  owing  to  the  reac¬ 
tion  of  atmospheric  oxygen  and  v/ater  that  enters  the  oil  from  without, 
cr  that  forms  as  a  result  of  oxidation 


2Me-h0»~n*O  2.M<?  (Oil), 

Me(OH),+  nCOOIl  -» Mo(RCOO),+2H,0 

It  follows  from  the  corrosion-mechanism  schemes  considered  that 
the  presence  of  acids  in  an  oil  is  of  great  importance  for  the  process 
of  engine  corrosion. 

In  the  majority  of  cases,  elevated  oil  acidity  corresponds  to 
great  corrosiveness. 

All  the  same,  the  acid  number  cannot  be  used  as  a  criterion  of 
oil  corrosiveness,  since  the  structure  of  the  organic  acids  formed  in 
the  oil  is  the  decisive  factor.  The  studies  of  B.V.  Losilcov  [50]  have 
shown  that  the  corrosive  action  of  organic  acids  decreases  as  their 
molecular  weight  increases,  i.e.,  in  order  of  increasing  corrosive¬ 
ness,  the  acids  form  the  following  series: 

formic  acid  HCOOH 
acetic  acid  CH^COOH 
butyric  acid  C^Ii^COOH  etc. 

The  acid  numbers  of  fresh  diesel  oils  normally  do  not  exceed 
>-..15-0.  iO  mg  KOH  per  g  of  oil,  but  the  acidity  of  oils  Increases  rap- 
irily  ac  the  onglno  operates,  reaching  values  of  1. 5-2.0  mg  KOH.  Ac¬ 
cording  to  B.V.  Loslkov,  oils  xvith  acid  numbers  of  up  to  1.5  mg  KOII, 

In  tha  absence  of  water,  have  little  effect  on  steel  or  iron,  but  acid 
r.-u:  the  order  of  0.5-0. 6  mg  KOH  prove  sufficient  for  the  removal 

of  bearing  alloys. 

Thus,  lead  and  its  alloys  are  materials  that  are  extremely  liable 
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to  corroalon  due  to  oil  oxidation  products,  llie  presence  of  water  in 
an  oil  greatly  intensifies  the  corrosion  of  alloys  with  lead.  Elgure  4 
shows  the  effect  of  ,-oil~water  content  on  the  corrosion  of  lead  plates 
[32]. 

As  a  rule,  residual  oils  are  less  corrosive  than  distillates. 

Table  7  shows  the  corrosivenoss  of  several  specimens  of  base  oil 
as  compared  vtlth  the  acidity,  measured  before  and  after  oxidation  of 
the  oil  in  a  Pinkevich  apparatus.  As  the  data  given  show,  the  acidity 
bears  some  relationship  to  the  cor2*osiveness,  but  Tjpon  oxidation  of 
the  oils,  the  increase  in  acid  number  follows  different  laws.  As  far 
as  oils  with  additives  are  concerned,  there  most  frequently  is  no  re¬ 
lationship  between  corrosiveness  and  acid  number.  The  acidity  of  an 
oil  may  increase  during  engine  operation,  while  at  the  same  time,  the 
protective  film  formed  by  the  additive  will  protect  the  metal  against 
corrosion. 

The  corrosion  mechanism  discussed  above  applies  primarily  to 
bearing  alloys.  A  very  pronounced  corrosive-wear  process  occurs,  how¬ 
ever,  when  an  engine  is  operated  on  a  sulfur-bearing  fuel  [30].  bhen 
a  sulfur-bearing  fuel  burns,  the  acidic  oxides  SOg  and  SO^  form;  they 
condense  together  with  water  vapor  on  the  cooled  walls  of  the  cylinder 
barrel  and  produce  sulfuric  and  sulfurous  acids.  TriO  traces  of  acid, 
per.etratir.g  withJ.n  the  oil  film  covering  the  rubbi.ng  surfaces  of  the 
barrel,  piston,  and  piston  rings,  ai*e  responsible  for  vigorous  elec¬ 
trochemical  corresion  that  -results  in  a  considerable  increase  l.n  the 
wear  on  rubbing  parts.  h“nen  an  engine  is  operated  on  a  sulfur-bearing 
fuel,  there  is  a  stronger’ increase  in  oil  acidity,  and  water-soluble- 
acids  say  sJlso  be  fO'urd  in  the  crarJtcase  oil. 

Figure  5  shows  the. increase  in  oil  acidity  during  operation  of  an 
ensinD  with  fuels  contalnifift  various  amounts  of  sulfur.  Here  an  in- 


TABLE  7*  Corrosiveness  of  Some  Base  Oils  (With¬ 
out  Additives) 
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l)p::ame  of  oil;  2)  I’lnke\'lch  corrosiveness,  s/ 
3)  acid  nvanber,  ms  KOH  per  g  of  oil;  4) 
lead;  5)  lead  bronse;  6)  before  oxidation:  7) 
after  oxidation;  8)  MG- 22  aviation  oil;  9)  DS- 
11  diesel  oil  (from  siafur-beari!".-  crudes);  10) 
143-14  aviation  oil;  11)  D-11  diesel  oil  (mix¬ 
ture  of  MK-22  and  SU);  12)  SU  machine  oil;  13) 
AK-10  motor  oil;  14)  D-11  diesel  oil  (from  £tlba 
crudes). 


Elg.  5-  Change  in  acidity  of  D- 
11  diesel  cll  during  engine  op- 
eratlori  \:±th  fuels  of  various 
sulfur  contents.  1)  Oil  acid 
number  during  operation  v/ith 
fuel  containing  1-5^  stdLfur;  2) 
the  same,  './ith  1.6^  .sulfur  con¬ 
tent;  3)  uoic  nuinber  in  mg  KOH/g 
oil;  4)  hours  cf  engine  opera¬ 
tion. 


crease  in  carbon  formation  also  occurs,  and  the  carbon,  vfhich  includes 
products  of  the  thermal  decomposition  of  the  sulfur  compounds,  becomes 
denser  and  intensifies  abrasive  wear  on  the  engine. 

VIhen  the  engine  is  operated  on  a  loiir- sulfur  fuel,  an  oil  contain¬ 
ing  only  anticorrosion  additives  of  the  AzNII-TsIATIM-1  type  may  be 
used  to  protect  the  bearing  linings,  which  are  of  lead  bronze.  Where 
sulfur-bearing  fuels  are  used,  it  is  necessary  to  employ  more  effec¬ 
tive  additives  of  the  alkali  type,  which  have  good  detergent  proper¬ 
ties,  and  which  are  able  to  neutralize  the  acid  fuel  combustion  prod¬ 
ucts. 


Carbon  formation.  The  oxidation  and  thermal  decon^osition  of  the 
hydrocarbons  in  the  fuel  and  oil  in  the  high-temperature  zones  are  re¬ 
sponsible  for  the  foimation  of  carbon  in  an  engine. 

Carbon  in  the  engine  combustion  chamber,  on  the  piston  crown,  on 
valves,  and  in  the  exhaust  system  are  due  chiefly  to  Incomplete  com¬ 
bustion  of  the  fuel.  Carbon  and  varnish  on  the  side  -piston  wall,  in 
the  region  of  the  ring  channels,  and  on  the  piston  skirt  forms  pri¬ 
marily  as  a  result  of  the  oxidation  and  thermal  decomposition  of  the 
lubricating  oil. 

The  mechanism  by  wiiich  carbon  forms  in  an  engine  has  been  studied 
in  detail  by  K.S.  Papok  [293*  Carbon  is  deposited  on  the  piston  crcvm 
owing  to  the  pi'csence  of  a  low-tensJerature  zone  at  the  piston  crov.-n; 
carbon  also  forms  in  this  son©  ov;i3ig  to  incomplete  combustion  of  the 
fuel.  Hero  the  thickness  of  tho  carbon  on  the  piston  crov.‘n  does  not 
depend  on  the  duration  of  engine  operation,  but  is  determined  primar¬ 
ily  by  the  temperature  and  by  fuel  quality. 

Var:ii5h  and  carbon  ■  formation  result  in  several  undesirable 
consequences  to  engine  operation,  e. g. : 


the  loss  of  mobility  cr 


complete  burning  out  of  piston 
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leading  to  increased  losses  due  to  frlotlon^  a  loss  in  co^^sslon. 


and  possible  scoring  of  the  sleeve; 

b)  a  decre^e  In  the  effective  cross  sections  of  the  scavexiglng 

and  exhaust  ports  (in  two-cycle  diesels),  reducing  the  coqpleteness  of 

■( 

scavenging,  and  leading  to  a  drop  In  engine  power.  Klgure  6  gives 
views  of  exhaust  ports  for  a  amOO  engine  following  operation  with  a 
low-sulfur  and  hlg)>3ulfur  fuel  and  an  oil  with  an  Ineffective  addi¬ 
tive  [18]; 

c)  Increased  wear  on  rubbing  surfaces  of  the  oyllnder-plston  sys¬ 
tem; 

d)  decreased  piston  thermal  conductivity  and  Increased  tempera¬ 
ture,  which  may^cause  the  pistons  to  burn  out; 


-k  -Lk 


Pig.  6.  Exhaust  ports  In  barrel  of  213100  diesel,  a)  Following  operation 
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on  low- sulfur  fuel;  b)  following  operation  on  high-sulfur  fuel. 


Fig.  7.  Effect  of  fuel  sulfur  con¬ 
tent  on  fouling  evaluation  and 
quantity  of  deposits  on  piston  and 
rings  of  UIM-NATI  installation,  l) 
WeioCt  of  deposits;  2)  evaluation 
of  nature  of  deposits,  arbitrary 
uaiits;  3)  evaluation  of  piston 
cleanliness,  arbitrary  units;  4) 
fuel  sulfur  content,  5)  weight 
of  deposits,  g. 


TABLE  8.  Effect  of  Fuel  Sulfur  Content  on  Car¬ 
bon  Properties  (After  Brese  and  Wilson) 


Co;;ep5Kaimo  cepu  i 

1  Co;u>|»k:>iiiu*  copu  h 

1  % 

n.noTiiocTi.  uarnpa, 

u  TOiwiine,  %  1 

0,03 

1.0 

0,08 

1.5 

1  0.0 

1 

0.5 

1)  Fuel  sulfur  content,  2)  carbon- deposit 
sulfur  content,  fJ;  3)  density  of  carbon  de¬ 
posit,  g/cnP, 


e)  accelerated  contaniLnatioiT  of  lubricating  oil,  filters,  and  oil 
lines. 


As  we  have  already  noted,  the  formation  of  deposits  on  piston 
rings  and  grooves  is  due  chiefly  to  the  lubricating  oil;  fuel  quality, 


hov/over,  has  a  large  influence  on  the  amount  and  nature  of  deposits. 

It  is  known,  for  example,  that  when  a:i  engine  is  converted  to  o”'- 


erate  on  gaseous  ruel,  so  that  more  perfect  inlxttire  formation  occurs, 
the  quantluy  of  ring-groove  deposits  decreases. 

I 

‘iihe  utilization  of  high-sulfiir  fuels  increases  the  total  amount 
of  carbon  and  of  deposits  and  changes  the  actual  nature  of  the  carbon 
’-^articles,  maldLng  them  denser  and  harder. 

Figure  7  shov;s  the  variation  in  the  amount  and  natxire  of  deposits 
on  the  piston  of  a  UIM-NATI  apparatus  operated  with  fuels  of  differing 
sulfur  content  [49],  In  going  from  a  fuel  containing  0.2^  sulfur  to  a 
fuel  v;lth  a  0.93^  sulfur  content,  the  total  quantity  of  deposits  on 
the  piston  and  rings  rose  from  7*7  to  10.7  g,  while  the  total  piston 
fouling  evaluation  (on  the  NATI  scale)  rose  from  9  to  22  units. 

An  increase  in  sulfur  content  affects  not  only  the  amount  of  de¬ 
posits,  but  also  changes  their  properties,  resulting  in  denser  carbon 
deposits,  more  difficult  to  remain  (Table  8).  According  to  the  data  of 
Breze  and  Wilson,  stilfur  is  absorbed  by  the  carbon,  and  as  a  result  it 
becomes  harder  and  Increases  the  abrasive  wear  on  the  engine. 


TABLS  9.  Change  in  Some  Characteristics  of  D-11 
lUesel  Oil  with  Introduction  of  Additives 
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A.ccordlng  to  Lin's  data,  carbon  particles  formed  on  combustion  of 
a  heav3'  sulfur-bearing  fuel  are  characterized  by  considerable  hard¬ 
ness,  reaching  a  Brinoll  value  of  500,  and  Iiave  a  high  vanadium  con- 
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tent.  This  fact  made  it  possible  for  Lin  to  propose  that  engine  wear 
is  abrasive  in  nature  when  the  engine  uses  a  heavy  fuel,  thus  contra¬ 
dicting  the  commonly  held  corrosion  theory  of  wear. 

Carbon  scale  taken  from  a  piston  crown  and  from  piston  rings  fol¬ 
lowing  operation  of  cin  engine  with  a  sulfur-bearing  fuel  normally  con¬ 
tains  from  1.0  to  2.5%  sulfur.  The  sulfur  entering  into  the  con?)osi- 
tion  of  the  carbon  scale  is  found  combined  only  in  the  form  of  coniplex 
organic  corapoiinds,  or  as  sulfates. 

According  to  Denison  and  Kavan  [11]  the  sulfuric  acid  formed  owing 
to  combustion  of  a  sulfur-bearing  fuel,  reacts  with  the  oil  in  the  up¬ 
per  piston-ring  zone,  which  leads  to  the  formation  of  several  organic 
compounds  containing  sulfur.  At  the  same  time, ' some  of  the  sulfuric 
acid  condenses  on  the  cylinder  walls  and  attacks  the  metal  surfaces  of 
component  parts,  forming  ferric  sulfate,  some  of  which  goes  into  the 
cstrbon  scale. 

If  the  oil  contains  an  alkali  additive  of  the  barium  alkyl  pheno- 
late  or  calcium  alkyl  phenolate  type,  most  of  the  sulfuric  acid  will 
combine  to  form  barlxun  (calclxim)  sulfate,  which  remains  dispersed  in 
the  oil,  and  eventually  is  trapped  at  the  oil  filters;  this  decreases 

I 

the  sulfur  available  to  participate  in  the  formation  of  deposits  on 

,  » 

the  piston. 

Thus  the  most  common  and  best-tested  method  of  preventing  carbon- 
deposit  formation  in  an  engine  working  on  heavy  or  sulftir-bearing 
fuels  is  the  introduction  of  detergent  oil  additives. 

The  oil  carbon  residue  serves  as  a  useful  index  in  checld.ng  the 
quality  of  a  crude  and  the  degree  of  refining.  The  carbon  residue, 
however,  Ccinnot  be  used  to  characterize  the  tendency  of  an  oil  to  form 
carbon,  cince  many  data  point  to  the  absence  of  a  direct  connection 
betv.-een  the  ceLrbon  residue  and  the  quantity  of  cartoon  deposits  on  a 


piston. 

The  canbon  j?esidue  is  several  times  greater  for  an  oil  v;lth  a  de¬ 
tergent  additive  than  for  the  base  oil.  ,In  this  case,  however,  the  ac¬ 
tual  tendency  of  the  oil  to  form  carbon  and  varnish  on  an  engine  pis¬ 
ton  is  Inversely  proportional  to  the  carbon  residue.  The  PZV  (Papop- 
Zarubin-Vlpper)  method,  developed  by  K.K.  Papok,  gives  the  best  pic¬ 
ture  of  the  behavior  of  an  oil  in  an  engine  from  the  viewpoint  of 
evaluating  carbon- forming  tendencies  and  detergent  properties  of  oils 
v/lth  additives  (Table  9)* 

The  ash  and  mechanical- Impurity  contents  of  an  oil  also  serVe  as 
indices  characterizing  the  degree  of  refining  and  the  absence  of  con¬ 
taminants  under  storage  and  transportation  conditions. 

The  ash  content  chaj?acterizes  primarily  the  presence  or  absence 
of  additives  in  the  oil,  and  the  amoimt  of  ash  gives  us  some  rough 
idea  as  to  the  additive  concentration. 

In  the  overwhelming  majority  of  cases,  modern  multipurpose  ad'il- 
tives  are  organometalllc  compoxmds,  and  the  introduction  of  an  addi¬ 
tive  of  the  TsIATIM-339  type,  as  the  tabular  data  show,  has  a  strong 
effect  on  the  ash  content. 

VAEIETY  AI3  GRME2  OP  OILS  USED  FOR  DIESEL  LUBRICATION 

The  basic  grades  of  oils  used  to  lubricate  high-speed  diesel  en¬ 
gines  are  the  diesel  oils  produced  in  accordance  with  GOST  5304-54  and 

55SI-57. 

GOST  5304-54  diesel  oils  are  made  from  distillates,  or  are  ob¬ 
tained  by  blending  residuals  and  distillates  obtained  during  the  pro¬ 
cessing  of  oily  low- sulfur  petroleum. 

Thus,  for  example,  D-11  diesel  oil  may  be  manufactured  by  burning 
70J?  SU  GOST  1707-51  machine  oil  with  30^  I-lK-22  GOST  1013-49  aviation 
oil.  Diesel  oils  manufactured  to  this  standard  are  also  made  with  acl- 
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dltives  Dp-11,  and  Ep-8  oils),  and  without  additives  (D-11 

OL.  .  Types  Dp-l4,  Ep-ll,  and  1^-8  oils  contain  3^  TsIATIM-339 ‘or  Az- 
NII-TsIATIM-1  additive.  Engines  operated  with  a  diesel  fuel  containing 
more  than  0.2^  sulf’Jir  should  use  only  an  oil  with  TsIATIM- 339  additive 
or  other,  more  effective  additive.  Oils  with  the  AzNII-TsIATIM-l  anti¬ 
corrosion  additive  may  be  used  in  diesels  with  lead-bronze  bearings 
run  on  a  low-sulfxir  fuel. 

Type  Dp-11  oil  is  the  basic  grade  of  oil  used  for  high-speed  die¬ 
sels. 

Type  Dp-8  oil  is  used  during  the  winter  in  automotive  cind  mobile 
diesels  operating  out  of  doors.  Type  Dp-l4  oil  is  a  summer  grade  de¬ 
signed  for  use  in  diesel  locomotives,  tractors,  and  other  diesel  en¬ 
gines  operating  in  areas  with  high  ambient  ten^seratures. 

In  view  of  oxu*  limited  reserves  of  low-sulfur  petrolevun,  produc¬ 
tion  of  DSp-11  GOST  3581-57  diesel  oil  from  sulfur- bearing  crudes  has 
begun. 

Type  DSp-11  oil  is  produced  presently  only  with  the  TsIATIM-339 

i 

additive;  in  the  near  future,  however,  we  may  expect  expanded  produc¬ 
tion  of  diesel  oils  using  more  effective  additive  (VNII  NP-36O,  etc.  ). 

High- viscosity,  aircraft  (GOST  1013-49  and  9320-60),  and  special 
HT  (GOST  6360-58)  oils  are  used  to  lubricate  certain  types  of  hlgh- 
combustion-intensity  diesels  with  high  piston  speeds  (for  example  M-50 
and  D6  motors,  etc.  ). 

Types  MS-22,  MS-24,  MS-20,  MS-14,  and  GOST  1013-49  aviation  oils 
are  high-grade  oils  obtained  during  processing  of  selected  low- sulfur 
petroleums;  intense  sulfuric-acid  or  solvent  refining  is  used.  Al¬ 
though,  as  we  have  said,  the  basic  function  of  these  oils  is  the  lu¬ 
brication  of  piston  aircraft  engines,  they  are  also  used  for  certain 
surface  and  marine  engines.  Aviation  oils  are  produced  v;lthout  addi- 
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tlvQS,  Additives  may  be  Introduced  into  the  oil  on  the  customer's  spe¬ 
cial  order. 

In  order  to  expand  reserves  available  for  the  production  of  air¬ 
craft  oils,  tests  are  presently  being  carried  out  and  production  being 
ect  up  for  certain  grades  of  oils  obtained  by  refining  sulfur-bearing 
crudes  (such  as  I'IS-20S  oil,  GOST  9320-60). 

MT  (MT-l6p  and  MT-l4p),  GOST  636O-58  oils  are  designed  for  lubri¬ 
cation  of  special  diesel  engines.  MT-16  oil  is  produced  with  of 

TsIATIM-339  additive  and  O.S^  AsNII-TsIATIM-l  additive. 

Type  MT-l4p  oil  is  produced  from  a  low-viscosity  base  by  using 
polyisobutylene  as  a  thickening  agent;  this  results  in  a  flat  viscos¬ 
ity  curve  (see  51g.  3)j  l*e. ,  relatively  low  viscosity  at  lo;^  tempera¬ 
tures,  which  improves  lubrication  and  aids  engine  starting  under  win¬ 
ter  conditions.  This  oil  is  presently  produced  with  AzNII-TsIATIM-1 
additive,  and  is  designed  for  lubrication  of  diesel  engines  using  low- 
s^llfur  fuels. 

Oil  for  low-speed  diesels  (motor  oil)  (GOST  1519-42)  is  a  distil¬ 
late  produced  by  acld-meclianical  refining  and  is  considerably  better 
than  diesel  oils  with  respect  to  carbon-forming  tendencies  and  anti¬ 
corrosion  properties. 

In  the  actual  operation  of  low-speed  diesels,  motor  oil  is  fre¬ 
quently  replaced  with  AKp-iO,  ASp-lO,  and  AK-I5  (GOST  I862-60)  "avtol" 
t^pe  motor  oils. 

The  basic  indices  characterizing  the  physicochemical  properties 
of  commercial  domestic  oils  used  for  diesel  lubrication  are  shown  in 
Table  10. 

Utilizing  oils  from  sulfur-bearincy  petroleums.  During  the  course 
of  the  seven-year  plan  (1959-1965),  the  capacity  for  production  of  lu¬ 
bricating  oils  should  double. 
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In  order  to  satisfy  the  rising  requirements  for  oils,  as  in  the 
case  of  fuels,  a  heavy  commitment  to  the  processing  of  sulfur-bearing 
crudes  from  Eastern  fields  is  necessary. 

Although,  before,  the  need  for  oils  was  satisfied  primarily  by  re¬ 
fining  crudes  from  Baku  and  other  Southern  areas,  facilities  have  re¬ 
cently  been  set  up  to  produce  several  aviation,  diesel,  and  automotive 
oils  by  processing  Eastern  crudes.  The  output  of  Baku  oils  presently 
amounts  to  no  more  than  50^  of  the  total  lubricating-oil  production. 
Lubricating  oils  obtained  by  refining  sulfur-bearing  crudes  from  East¬ 
ern  fields  differ  from  Baku  oils . in  hydrocarbon- group  composition,  and 
are  higher  in  sulfur  content.  Thus,  DS-11  diesel  oil  (from  Eastern 
crudes)  contains  up  to  1.0^  sulfur  as  against  0.2-0, 3^  for  D-11  Baku 
oil. 


As  in  the  case  of  fuels,  the  presence  of  sulfur  compo\inds  in  the 
oil  affects  the  condition  of  the  engine.  In  this  case,  however,  we  are 

t 

not  concerned  *\lth  acid  corrosion,  since  the  quantity  of  combustion 
products  due  to  sulfur  compounds  in  the  oil  that  form  when  the  oil 
burns  is  very  small  in  comparison  with  the  quantity  of  fuel  combustion 
products.  By  themselves,  the  sulfur  compounds  contaiined  in  oil  not 

only  do  not  cause  corrosion,  but,  on  the  contrary,  increase-  the  anti- 

-  ■  ■  .  _  i 

vioar  qualities  of  the  oil,  actiiig,  as  it  were,  as  natural  additives. 

Oils  from  Eastern  sulfur-bearing -crudes  also  have  better  viscos¬ 
ity-temperature  properties  than  the  corresponding  BaVhT  oils;  they  are, 
however,  characterised  by  a  gi’oat  tendency  to  osLdation  and,  conse¬ 
quently,  to  carbon  formation. 

Oxidation  of  oils  produced  from  Eastern  crudes  produces  consider¬ 
ably  more  gum  a:id  asphaltenes.  Table  11  gives  some  data  due  to  N.  G. 
!?ucnkov  and  his  associates  [35)  obtained  by  oxidlsir.g  various  oils  in 
a  H'l-E  apparatus. 


**  w  y  * 


-ABLE  10.  Basic  Quality  Indices  for  Domestic 
Oils  Used  for  Diesel  Lubrication 
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335  additive,  no  less  than;  24)  VNxI  KP-360  additive;  25)  carbon  resi- 
divt,  56;  nc  more  tlian  (prior  to  Introduction  of  additive);  26)  acid 
number,  ms  KOK  per  1  g  of  oil;  27)  without  additive,  no  more  than;  28) 
with  additive,  no  more  than;  25)  pour  point,  °C,  no  more  than;  3O; 
corrosiveness  with  strips  of  Types  SI  and  S2  lead,  g/m^,  no  more  than; 
31)  thermal  oxidation  stability,  Papok  method,  at  250°C,  min,  no  less 
than;  32)  in  the  range  from;  33)  at. 
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In  this  case,  the  oxidation  of  the  Eastern  oils  is  diffe3?ent  in 
nature,  and  the  accumulation  of  large  quantities  of  gum  and  asphal¬ 
tenes  facilitates  the  formation  of  tacky  residues,  which  are  responsi¬ 
ble  for  piston- ring  burning  during  engine  operation. 

Table  12  compares  results  of  an  inspection  of  the  condition  and 
measurement  of  wear  for  a  4Chl0.5/l3  engine  after  15O  hours  of  opera¬ 
tion  with  a  high-sulfur  fuel,  using  B-11  Baku  diesel  oil  and  DS-11  oil 
(without  additives)  produced  from  Eastern  crudes. 

In  changing,  from  D-11  oil  to  DS-11  oil,  some  decrease  in  wear  of 
sleeves  and  piston  rings  was  noticed,  while  at  the  same  time  there  was 
a  sharp  increase  in  the  number  of  burnt  rings,  while  more  varnish 
formed  on  the  piston  skirt. 

Consequently,  diesel  oils  made  from  sulfur-bearing  crudes  may  be 
used  in  diesel  engines  only  when  they  contain  effective  detergent  ad¬ 
ditives.  Thus,  DS-11  diesel  oil  (GOST  858I-57)  is  supplied  only  as  an 
oil  with  an  additive,  while  diesel  oils  made  from  Caucasus  crudes 
(GOST  5304-54)  are  produced  both  with  and  without  additives, 

Tl'.e  utilisation  of  detergent  oil  additives  may  decrease  conaidex- 
ably  or  corapletely  eliminate  carbon  and  varnish  deposits  on  the  pis¬ 
tons,  but  this  does  not  mean  that  thermal  decomposition  of  tlie  oil  can 
be  avoided  by  this  method.  The  thermal  stability  of  an  oil,  i.e.,  the 
stability  of  its  composition  under  high  temperatures,  is  determined  by 
the  composition  of  the  lubricant  itself.  Ail  petroleum  hydrocarbons 
contained  in  an  oil,  when  subjected  to  temperatures  of  2CO-250®C,  i.e., 
temperatures  occurring  at  the  piston  walls,  begin  to  decompose  and 

carbon-carrying  products  loiovm  cor.m-.only  as  varnish  and  scale.  Oil 
thermal  stability  can  be  increased  only  over  a  relatively  small  range 


by  liicreasing  ■  petroleum-oil  quality 
and  the  utilisation  of  additives,  i: 


through  improved  refining  siethods 
.0  inci’oase  in  engirt  combustion  In- 
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tensity,  and  plans  for  the  creation  of  highly  supercharged  diesel  en¬ 
gines  having  piston  temperatures  in  the  upper-ring  region  of  the  order 
of  300-350^0  or  more  will  require  in  individual  cases  the  utilization 
of  new  types  of  lubricants  with  changed  structures  for  the  component 
molecules. 


TABLE  11.  Oxidation  Stability  of  Oils  in  DK-2 
Apparatus  and  Characteristics  of  Combustion 
Products 
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g;  7)  the  same^  8)  wear  on  cylinder  skirt;  9)  total  wear  In  terms 
oil  Iron  contantj  g;  10)  carbon  formation;  11}  nuniber  of  burnt  rings; 
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Elg.  8.  O^emperature  ranges  over  which  va^ 
rlous  lubricants  can  be  used.  1)  Petro¬ 
leum  oils;  2)  dlesters;  3)  silicon  oils; 
4)  ^oUd  lubricants  (molybdenum  dlsul- 
flde«  etc.);  3)  teigperature^  ^C. 


Considerably  greater  thermal  stability  (Pig.  8)  is  displayed  by 
various  synthetic  oils  (oils  based  on  dlesters^  fluorocarbons «  and 
silicon  oils);  they  are  still  Halted  In  application,  but  there  Is  no 
doubt  that  they  will  become  more  common  In  the  future. 

Foreign  oil  classification.  Foreign  motor  oils  are  classified 
Into  the  following  groups  on  the  basis  of  grade  and  function; 

a)  ordinary  oils,  also  called  regular  and  premium  grades,  that  do 
not  contain  additives  or  that  contain  small  quantities  of  antioxidant 
additives  alone.  These  oils  are  designed  for  carburetor-type  engines 
and  low-oombustlon-lntenslty  diesels  running  on  low-carbon  fuels; 

b)  oils  for  severe  operating  conditions  ("heavy-duty  oils**),  car¬ 
rying  the  letter  designation  HD;  they  contain  considerable  amounts  of 
detergent  additive,  and  are  designed  for  lubrication  of  8uperohai*ged 


c)  oils  for  especially  severe  service,  which  must  satisfy  the  re- 
quia?einent5  of  the  special  supplements  to  the  oil  specification  of  the 
United  States  Department  of  Defense  (Specification  Mil-I/-2104,  Supple¬ 
ment  1  and  2).  ' 


TABLE  13.  Classification  of  Oils  in  Terms  of 
Oil  Utilization  Conditions  in  Engine  (United 
States ) 
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1)  Type  of  oil;  2)  additive  content;  3)  antiox¬ 
idant  and  anticori*osion,  $1  4)  detergent;  5) 
mg-mole/kg;  6)  re^lar;  7)  premium;  8)  HD  for 
severe  service;  9)  HD  for  especially  severe 
service  ;  10)  series;  11)  no  additives;  12)  up 
to. 


TABLE  14.  Characteristics  of  Imported  "Mobil 
guard"  Oil 
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1)  Kinematic  viscosity  at  lOO^C.  sst;  2)  kine¬ 
matic  viscosity  at  50^ C,  sst;  3)  ratio  of  vis¬ 
cosity  at  50®  to  viscosity  at  100®C;  4)  ash, 

5)  acid  number,  mg  KOK  per  1  g  of  oil;  6)  car¬ 
bon  residue,  7)  corrosion,  Pinkevich,  g/m^; 
8)  on  lead;  9)  on  lead  bronse;  10)  thermal  oxi¬ 
dation  stability,  Fapok  method,  at  250®C,  min¬ 
utes;  11)  allcaline  reaction. 


TABLE  15.  SAE  Classification  ■  f  Crankcase  Lu- 
brioating  Oils  by  Viscosity  (United  States) 
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Notes,  a)  The  letter  ¥  Indicates  winter  grades 
of  oil;  b)  the  viscosity  values  given  in  the 
table  make  it  possible  to  select  a  domestic  lu¬ 
bricating  oil  that  corresponds  in  viscosity  to 
an  imported  oil,  as  is  frequently  required  un¬ 
der  practical  conditions  when  oils  are  to  be 
chosen  for  foreign-made  engines  for  v;hich  the 
manufacturers  normally  recommend  oils  of  some 
given  class.  Thus,  i'or  example,  SAE-30  oil, 
which  is  used  very  frequently  for  diesel  lubri¬ 
cation,  will  correspond  in  viscosity  to  D-11  or 
Dp-11  (GOST  8304-54)  domestic  diesel  oils, 
which  have  a  kinematic  viscosity  at  100*^  rang¬ 
ing  from  10.5  to  12.5  sst. 

1)  Oil  grade,  SAE  classification;  2)  oil  vis¬ 
cosity  at  temperature  of;  3)  minimum;  4)  maxi¬ 
mum:  5)  kinematic,  sst;  6)  relative,  ®VU  (Eng- 
ler). 


Depending  on  the  conditions  under  which  the  oil  is  used  in  the 
engine  (degree  of  supercharging,  variations  in  conditions,  fuel  sul- 
i'Ur  content,  etc.  ),  these  oils  are  classified  into  series  1,  2,  and 
3;  the  specifications  stipulate  the  particular  conditions  for  the  me. 
ter  teats  that  the  oil?  must  pass  in  order  to  be  considered  suitable 
for  service  (see  Ciiapter  3)* 

Table  13  shows  sample  additive  contents  used  with  an  oil  to  givt 


it  the  properties  that  perirdt  it  to  be  classified  in  one  of  the  oil 


Thus ^  Type  HD  series  2  oils-,  produced' by  the  English  Monsanto  Com¬ 
pany  contains  0.7^  Santolube  493  antioxidant  and  9^  Monte  613  deter¬ 
gent  additive.  The  series  3  oils  include  the  well-known  imported  Mo- 
bilguard  oil.'  The  additive  content  of  these  oils  is  often  raised  to 
15-20^  so  that  they  meet  the  specifications  for  the  special  motor 
tests  which  they  should  pass. 

Mobilguard  oil  is  designed  to  lubricate  the  cylinders  of  high- 
power  low-speed  diesels  of  the  Burmelster  and  Wain  type,  which  use 
heavy  sulfur-bearing  fuels;  they  are  also  used  for  free-piston  gas 
generators.  This  oil  is  characterized  by  very  high  ash  content,  alka¬ 
linity,  and  carbon  residue  (Table  l4)  which  indicates  the  high  addi¬ 
tive  content  which  reaches  roughly  20-25^.  The  oil  has  good  thei*mal 
stability,  good  detergent  properties,  and  is  able  to  neutralize  the 
action  of  combustion  products  from  a  high-sulfur  fuel.  At  the  present 
time,  similar  oils  are  not  being  produced  in  this  country. 

Foreign  oils  are  also  produced  for  the  market  in  the  form  of  oils 
of  differing  viscosities  and  carry,  in  addition  to  the  company  names, 
numbers  corresponding  to  the  viscosity  in  accordance  with  the  SAE 
classification.*  V/inter  grades  carry  the  additional  letter  designation 
W.  Table  15  shows  the  classification  of  oils  by  viscosity  in  SAE  rnm- 
bers.  The  basic  summer  grades  are  SAE- 30  and  SA”:  ' 

In  addition,  so-called  "all-season"  oils  are  produced  abroad; 
they  have  a  flat  viscosity  cu3?ve  that  ensures  engine  lubrication  under 
various  temperature  conditions.  These  oils  are  made  by  thickening  low- 
viscosity  bases  with  higti-molecular- weight  compounds.  All-season  oils 
are  given  double  numbers  on  the  SAE  scale,  for  example,  SAE-5W/30. 

This  means  that  the  given  oil  has  the  same  high  viscosity  as  SAE- 30  .• 
oil  at  iiigh  temperatures,  while  at  lov?  temperatures,  its  viscosity 
does  not  exceed  the  viscosity  of  SAE-9W  winter  oil.  The  results  ob- 
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51s.  9*  Nomograra  for  viscosity  conversion, 
l)  ICLneraatlc  viscosity,  centistolces;  2) 
Saybolt  universal  seconds:  3)  absolute 
viscosity,  centlpoisesj  4)  Saybolt-Furol 
seconds;  5)  degrees  Sngler;  6)  Redwood 
seconds.  No.  1. 


tained  by  using  thickened  oils  are  described  in  Chapter  2. 

The  relative  viscosities  of  foreign  oils  are  normally  expressed 
in  seconds  for  a  Saybolt  viscosimeter  (United  States)  or  a  Redviood 
viscosimeter  (Great  Britain). 

A  nomogram  (Fig.  9)  can  be  used  to  convert  Iclnematlc  viscosity 
relative  viscosity  in  degrees  VU  (Engler),  as  well  as  to  Saybolt  and 


Redwood  seconds,  and  vice  versa. 
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[Footnotes] 


2  K.K.  Papokj  Problems  of  Fuel  and  Oil  Quality  and  Utilization 

at  the  Level  of  the  Nev;  Goals.  Chemistry  and  Technology  of 
Fuels  and  Oils,  1959^  No.  2,  page  2. 

45  SAE  (Society  of  Automotive  Engineers).  This  is  the  society 

of  automobile-industry  engineers  of  the  United  States. 
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$  =  f  =  forsirovaniye  =  supercharging 
ns  =  pz  »  puas  =  poise 


Chapter  2 

nESEL-OIL  ADDITIVES 

FUNCTION,  COI.1POSITION,  AND  OEKERAL  PROPERTIES  OF  OIL  ADDITIVES 
Additives  can  be  classified  into  the  following  groups  on  the 
basis  of  their  "Effects. 

TABLE  l6.  Over-all  Consumption  of  Motor-oil  Ad¬ 
ditives  in  United  States  (Thousands  of  Tons) 


tained. 


4.  Depressants,  or  additives  lowering  the  pour  point  of  oils. 

5.  Antiseising  oil  additives  designed  to  lubricate  parts  sub¬ 
jected  to  high  mechanical  loads. 

Abroad,  and  especially  In  the  United  States,  considerable  volumes 
are  involved  in  the  production  and  utilisation  of  oil  additives.  Thus, 
in  the  United  States,  the  production  of  oil  additives  during  i960 
reached  310.5  thousand  tons  (Table  I6). 

Of  this  amount,  about  50/^  were  detergents,  about  20^  viscosity 
additives,  and  11^  antioxidants. 

It  should  be  noted  that  in  other  countries  oils  designed  for  es¬ 
pecially  severe  service  conditions  have  additive  contents  reaching 
10-15^,  and  in  isolated  cases  even  more;  the  average  additive  content 
of  all  oils  produced  in  the  United  States  is  4-5^. 

In  connection  with  the  widespread  utilization  of  high-sulfur 
fuels  in  diesel  engines,  it  has  become  necessary  to  use  additives,  and 
primarily  those  that  have  good  detergent  and  anticorrosion  properties, 
l.e.,  that  are  able  at  the  same  time  to  neutralize  the  acid  combustion 
products  of  high- sulfur  fuels,  retard  oil-oxidation  processes,  thus 
reducing  wear  and  corrosion  and  preventing  the  deposition  of  carbon 
scale  and  varnish  on  elements  of  the  engine  cylinder-piston  system. 

Thus  oil  additives  designed  to  be  used  in  diesel  engines  running 
on  high- sulfur  fuels  are  produced  industrially  in  the  fom  of  multi¬ 
purpose  (complex)  additives  that  possess  detergent,  antivjcar,  and  an¬ 
ticorrosion  properties  at  the  same  time. 

For  the  most  paiu,  the  production  of  multipurpose  additives  ivas 


set  up  in  the  USSR  following  the  war.  Such  additives  are  AsR-II-4,  Aa- 
NII-TsI..riH-l,  and  TsIATir‘t-339  additive's, .whose  utilisation  represents 
a  considerable  operational  contribution  to  increased  domestic-oil  c/ul- 


Ity. 

At  the  presJent  time,  however,  these  additives  do  not  completely 
or.tlsfy  the  increasing  requirements  imposed  by  the  operation  of  super¬ 
charged  diesel  engines  running  on  high-sulfur  fuel. 

In  accordance  with  the  requirements  of  diesel-engine  design,  sev¬ 
eral  new  types  of  additives  have  been  developed,  tested,  and  readied 
for  production;  these  additives  are  known  by  their  numbers:  AzNII-?, 
WII  NP-360,  and  MNI  IP-22. 

Among  the  Soviet  scientists  who  have  made  major  contributions  to 
the  synthesis  and  technology  of  domestic  multipurpose  oil  additives 
are  A.V.  Druzhlnlna,  V.I.  Isarulyants,  S.E.  Kreyn,  I.M.  Kiillyev,  V.  N. 
Monastyrskiy,  and  P.I.  Sanln. 

The  efforts  of  K.K.  Papok,  N.G.  Puchkov,  B.V.  Loslkov,  N.  I.  Cher- 
nozhukov,  K.S,  Ramayya,  Ye.G.  Semenido,  Yu.S.  Zaslavskiy,  and  other 
investigators  have  resulted  in  the  further  development  of  oil  test  me¬ 
thods  and  advances  in  the  study  of  the  mechanisms  by  which  additives 
act. 


TABLE  17.  Basic  Types  of  Jftaltipurpose  Diesel 
Oil  A.ddltives 
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TABIiB  17  (Continued) 
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1)  Type  of  additive;  2)  additive  designations 
for  given  type;  3)  structural  diagram  of  basic 
additive  component;  4)  alkylphenol  additives; 
5)  phosphorus- containing  additives;  6)  sulfo¬ 
nate  additives;  7)  where;  8)  AzNII-TsIATIM-1; 
9)  TsIATIM-339;  10)  AzNII-7;  H)  VNII  NP-37IJ 
12)  BH-C-1;  13)  mil  NP-360;  14)  MNI  IP-22;  15) 
DF-1;  16)  (AzNII-4);  I7)  PMS-19;  18)  SB-3;  19) 
NG-102. 


Many  scientific  research  institutes,  petroleiun  refineries,  die¬ 
sel-manufacturing  plants,  and  organizations  operating  engines  have 
participated  in  motor  tests  of  new  grades  of  oils  and  of  additives, 
and  in  their  introduction  into  industry  and  application. 

There  are  two  approaches  to  the  synthesis  of  multipurpose  oil  ad 
ditives:  the  creation  of  additives  consisting  basically  of  a  single 
chemical  compound  that  posseh;ses  various  functional  properties,  and 
the  development  of  multicomponent  blended  additives  in  which  the  prop 
erties  of  one  component  compensate  for  inadequate  properties  of  ano¬ 


ther. 


The  TsIATIM-339,  AzNII-7,  MNI-22,  etc.,  additives  are  of  the 
first  type. 

The  second  group  includes  the  blended  additives  that  are  so  com¬ 
mon  at  present  and  which  are  mixtures  of  two  components,  for  example, 
the  VM!!  NP-360,  As^’XX-8  additives,  and  others.  If  certain  required 
properties  as’O  poorly  represented  In  a  given  multipurpose  additive,  a 
blended  adcU-tive  is  fosi’isuiated;  hex’©  the  inadequate  properties  of  one 
corirorent  ax'e  componaatod  by  the  addition  of  another  component  to  the 
addltivOv 

for  example,  WII  NF-3^0  additive  is  a  mixture  of  VNII  KI- 

/  -  51 


350  detergent  component  (barium  alkyl  phenolate)  and  a  component  con¬ 
sisting  of  WII -NP-SS^  (zinc  dialky Iphenyl  dithiophosphate ) ,  which  has 
good  neutralizing  and  antiwear  properties. 

In  addition,  several  experimental  additive  types  have  been  de¬ 
veloped,  which  have  been  assigned  the  numbers  DJ?-!,  PMS-19,  SB-3,  ^PK- 
1,  VKEI  NP-370,  MBS,  ZIT,  etc. ;  they  have  been  mixed  with  various  an¬ 
tioxidants.  Many  of  these  additives  'have  xmdergone  laboratory  and 
bench  tests,  and  are  presently  being  introduced  on  an  industrial  basis. 

Viscosity  additives  and  depressants,  whose  use  is  dictated  not  by 
engine  combustion  intensity  or  fuel  quality,  but  by  base-oil  proper¬ 
ties  and  climatic  operating  conditions,  are  produced  as  additives  with 
a  specific  function. 

Multipurpose  oil  additives  may  be  classified  on  the  basis  of 
structure  into  the  following  main  groups. 

1.  Alkylphenol  additives. 

2.  Phosphoius-contalning  additives. 

3.  Sulfonate  additives. 

4.  Blended  additives  arid  others. 

Table  17  shows  the  structure  of  the  basic  additive  types, 

AlI<yInhenol  additives  (TsIATIM-339i  AzKII-7)  are  presently  the 
main  additive  types.  They  are  sulfurized  barium  or  calcium  alitylpl’ie no- 
late  s. 

Type  TsIATIM-339  additive  is  manufactui'ed  by  reacting  an  ali<yl- 
phenol  with  sulfur  monochlorids j 
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1)  Barium  disulfide  dialkylpheno- 
late  (TsIATIM-339  additive). 


where  R  is  a  hydrocarbon  radical  (alkyl)  with  8  to  12  caupbon  atoms.; 

The  TsIATrM-339  and  AzNlJ-7  alkylphenol  additives  differ  in  | 
structure  in  the  length  of  the  hydrocarbon  chain  in  the  radical  (Rjj 
and  in  the  position  of  the  sulfur  atom,  owing  to  differences  in  thi 
processes  used  to  produce  the  additives  [25].  During  manufacture  oi 

t 

AzNII-7  additive,  the  phenol  is  first  alkylated  with  sulfurized'  al4 
kene  hydrocarbons;  as  a  result,  the  sulfur  is  located  in  the  side  ;^ad 
icals  R.  The  structure  of  AzNII-?  additive  is  as  follows  [25] 
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The  structural  formulas  given  in  Table  17  show  only  the  struc¬ 
tural  diagrams  of  the  basic  additive  component,  as  an  example.  Commer¬ 
cial  multipurpose  additives  very  frequently  are  mixtures  of  several 
components  whose  structure  does  not  always  correspond  to  tho  specific 
stoichiometric  proportions.  Thus,  for  example,  T3IATIK-339  commercial 
additive  is  nade  up  of  a  sulfur- containing  all<ylphcnol  (up  to  23^), 
sulfur- containing  barium  alkylphenolate  (up  to  25^),  and  about  50^ 
spindle  oil,  used  as  a  thinner,  and  certain  other  admixtures  [Ij. 

The  so-called  completely  substituted  T3lATir-!-339p  additive  (with 


10Q%  substitution  of  b^lum  for  the  hydroxyl  hydrogen)  has  somewhat 
better  detergent  and  anticorrosion  properties. 

Another  type  of  alkylphenol  additive  that  has  recently  been  de¬ 
veloped  is  obtained  by  condensation  of  alkylphenols  with  foimldehyde, 
followed  by  saponification  of  the  condensation  product  with  barium  or 
calcium  hydroxide  (BFK-1,  VNII  NP-370,  VNII  NP-371  additives)  in  ac¬ 
cordance  with  the  following  diagram 


OH  OH  OH  0 - lia - 0 


As  with  the  alkylphenols j  the  alkyl  phenolates  are  capable  of  en¬ 
tering  into  exchange  reactions  in  the  presence  of  even  v/eak  organic 
acids;  they  combine  ;tfith  the  acid  in  the  form  of  the  corresponding 


salt  in  accordance  with  the  following  diagram: 
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The  detergent  properties  of  ali«ylphenol  additives  [14]  lead  to: 

a)  neutralisation  of  the  acid  products  that  form  in  the  oil  dus*- 
ing  its  oxidation  or  as  a  result  of  tl^e  action  of  combustion  procu^ccs 
from  a  high- sulfur  fuel; 

b)  increased  solubility  of  asi'halt-tas'  materials  that  form  in 
oil;  they  are  pi-eventod  from  coagulating  (dispersing  action  of  the  ad¬ 
ditive). 

•Thus,  the  basis  for  TsIA‘r'B'-339  additive  is  barium  all^yl  pheno- 
lat*?  lidnish  ij^parts  detergent  and  neutralising  properties  to  the 

oil  with  additive.  Thus,  AFB  may  be  used  as  a  detergent  component  in 
formuiatirig  other  additives.  Sulfur  atoms  are  Introduced  into  the 


molecule  in  order  to  impart  anticorrosion  properties,  i.e.,  to  create 
a  multipurpose  additi'*  -. 

The  oils  produced  by  the  petroleum  industry  normally  contain 
TsIATIM-339  additive.  According  to  the  data  of  N. G.  Puchkov  and  hih 
associates  [37]  when  the  fuel  sulfur  content  exceeds  1.0^,  it  is  de¬ 
sirable  to  increase  the  content  of  TslATIM-339  additive  to  a  fiir- 
ther  increase  in  additive  concentration,  however,  does  not  produce  a 
proportional  dec3?ease  in  engine  wear,  and  does  not  make  it  possible 
to  obtain  the  values  reached  when  the  engine  is  run  on  a  low-s\ilfui* 
fuel  (see  Pig.  26). 

Phosphorus- containing  additives.  These  additives  include  the 
VNII  NP-360,  MNI  IP-22,  DP-1,  and  other  additives.  These  additives ' 

are  based  on  alkyl-  or  aryldithlophosphates,  i.e.,  salts  of  esters  of 

\ 

dlthiophosphoric  acid  or  mixtures  of  compounds  of  this  type  with  other 
components. 

As  we  have  already  mentioned,  7NII  NP-36O  additive  is  a  mixture 
of  coEQJonents:  VNII  NP-350  (barium  alkyl  phenolate)  and  VNII  NP-35^ 

(a  zinc  salt  of  dialkylphenyldithiophosphoric  acid) 

(RO.)  PSS-Zu-SSP(OR)s 

The  VNII  K?-35^  component  is  obtained  by  reacting  all'cylphenol 
with  phosphorus  pentasulfide  and  then  refining  the  resulting  dialkyl- 
phenj^’ldithiophosphoric  acid  and  obtaining  its  zinc  salt.  It  may  bo  as¬ 
sumed  chat  tho  synthesis  reaction  for  this  additive  follows  the  fol- 


lovjing  scheme 
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5116  negative  factor  In  the  production  of  phorphorus- containing 
additives  is  the  fact  that  phosphorus  pentasulflde  is  a  somewhat 
scarce  material;  at  present,  this  limits  any  broad-scale  commercial, 
production  of  additives  of  this  type  [383. 

The  VKII  KP-36O  additive  has  good  detergent  and  antiwear  proper¬ 
ties. 

The  MNI  IP-22  additive  is  calcium  salt  of  dlthlophosphoric  acid 
dies ter  of  similar  structure. 

Additives  of  the  DP  type  (dialkyldlthiophosphates)  are  also  or- 
ganophosphorus  compounds  and  differ  from  the  VNII  NP-35^  component  in 
the  length  of  the  hydrocarbon  chain  in  the  radical  R,  and  in  the  pro¬ 
duction  technology  [40], 

Sulfonate  additives  tal®  the  form  of  barium  or  calcium  salts  of 
sulfo  acids,  obtained  by  sulfurlzing  petroleum  fractions.  Metal  sulfo¬ 
nates  may  have  the  following  structure 

R0-S0,-0v  yOK 

>Mo  or  SO5C 

RO-SOj-O^  N)-Mo~OH 

In  addition,  sulfonates  are  loaown  that  contain  a  considerably 
gissater  amount  of  metal  than  is  provided  for  by  the  stoichiometric 
proportions  in  accordance  vfith  the  formulas  given. 

In  many  cases,  the  metal  content  may  be  8-10  times  timt  racui2*od 
from  the  stoichlomctrio  relationships. 

Such  sulfonate  additives,  which  are  characterised  by  high  ash  con 
tent,  are  called  "sultiash.  ** 

Ti^pe  PK.S-19  Bultiash  additive  is  a  calcium  sulfonate  VJith  an  ash 
content  of  about  19^.  It  is  ranufaotui‘ad  on  the  basis  of  sulfo  acids 
obtained  from  a  high-sulfur  crude  (A3-5  SJP2  oil)  by  sulfurlslns  to¬ 
gether  with  concentrated  sulfuric  acid,  fuming  sulfuric  acid,  or  gas- 


eons  SOg,  followed  by  treatment  with  calcium  oxide  [2], 

A  similar  additive,  made  by  the  Yaroslavl*  petroleum  refinery, 
using  perfume-oil  wastes  has  been  given  the  designation  PMS-Ya. 

The  NG-102  additive  also  is  a  calcium  sulfonate,  and  differs  from 
PMS-19  additive  in  the  production  technology  used. 

The  SB-3  additive  is  a  barium  sulfonate  based  on  sulfo  acid  ob¬ 
tained  by  sulfurissation  of  D-11  diesel  oil. 

Recently,  blended  additives  have  come  to  be  formulated;  they  are 
made  up  of  additives  of  differing  structures. 

Thus,  for  example,  NG-102u  (improved)  additive  is  made  by  blend¬ 
ing  90^  NG-102  sulfonate  additive  with  10^  VNII  NP-370  alkylphenol  ad¬ 
ditive. 

The  'VNIINP-362  additive  consists  of  a  mixture  of  the  sulfonate 
PMS-I9  with  barium  alkyl  phenolate  in  1;1  proportions. 

In  addition  to  the  types  of  additives  listed  above,  which  contain 
barium,  calcium,  zinc,  or  some  other  metal,  the3?e  are  also  the  well- 
known  "ashless  additives,"  which  do  not  contain  metals,  but  are  based 
on  products  of  the  polymerization  of  esters  of  polyatomic  alcohols  and 
derivative  alkylamines.  Thus,  for  example,  according  to  foreign  data 
[23]  good  detergent  and  antiwear  qualities  are  characteristic  of  the 
copolymer  of  lauryl  methacrylate  and  diethylamino  ethylmethacrylato, 
which  has  the  following  structure 
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Table  l3  lists  the  multipurpose  diesel-oil  additive  produced  by 
domestic  industry,  as  well  as  certain  experimental  versions. 
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While  in, 1958  the^  oils  produced  with  multipurpose  additives  did 
not  exceed  38^  of  the  total  motor-oil  production^  at  the  piresent  time 
it  amounts  to  at  least  50^,  and  by  1965  nearly  all  motor  oils  will  be 
produced  with  additives  for  various  purposes. 

Table  19  gives  the  basic  characteristics  of  commercial  additives 
in  accordance  with  data  from  state  standards  for  current  technical 
specifications. 

Some  characteristics  of  foreign  oils  with  additives  and  charac¬ 
teristics  of  the  additives  themselves  are  given  in  Tables  20  and  21. 


TABLE  18.  Most  Important  Commercial  and  Exper¬ 
imental  Multipurpose  Diesel-Oil  Additives 


JlauMeiionaiine  (uiu^p) 
^  npitcaAKii 

Ociionuaji  xa'paKTi'jni- 
g  CTllKa 

OTMi>TKn  0  npoMumaou- 
^lOM  nuaycKo  apiicaAna 

^  A3HHH-4 

5 

Cyai.$onaTHaa  apn- 
caAKii 

6 

TV  Si7-53  (caaia  c 
npoaaooACTsa) 

7  AallUlI-mUTIIM-l 

8  A.iKHA$eaoni>iiaa  npii- 
caflKa  c  aucoKiiMn  aiiTii- 
KoppoauounuMu  caoii- 
CTiiaMu.  npoAxasimaeua 
A.ia  paCoraio- 

m.nx  na  MaaocepaacTux 
Toiunsaz 

Q  BtraycKaoTca  npo- 
*Mijniac‘UUOciuo  ao  FOOT 
7189-54 

0  AaUIIU-UUATliM-l^ 

LI  OtSHaaoTca  ot  npacaR- 
Kn  AaHlUi-miATlIM-l 
Monvauu  coAopHtaauou 
cepu.  npeAuaaua'taaa 
Ana  Aiiseaou  M*50(|^,  pa- 
GoraioiAUX  ua  Maaocop- 
uucTuz  TonsuDaz 

To  )Ko,  ao  BTV  371-54 

13  UIUT1IM'«9 

( 

.4  ripucoAKa,  npcAunsHa- 
'icuuan  AAU  Aasoxoii, 
paCoTuiotmix  na  Tonaa* 
iiax  c  coAopsKaauaM  copu 
ao 

i.5  To  ace,  ao  FOCT 
8312-57 

! 

AsHHII-?  I 

To  ao 

1 

1 

! 

miuii  un  m  j 

ict.vi'Ci*  aaKaa^ji-juvituoft  • 
u  ^mc^opoprauaaocKOfi 
opucaAOK 

i-?  To  Wv'.  BO  BTV  un 
31*59 

TABLE  18  (Continued) 

22.  nMC»lfl,  nMCfl  ‘*3  Cyab^OHaTHue  npHcaR-^if-  OnHTHiie  napMH 

CB-3  KH  C  BHCOXHMH  MOJOBJII- 

Hr-102  MH  CBOfiCTUaUK  I 

^5  Hr-102y  26cMecH  cyab^oHaTHHx  27’0iiBTHH;e  o6paanH 

BHHM  Hn-362  caaKna$euoai.HuuanpH- 

caftKaMS 

I)  Designation  (number)  of  additive;  2)  basic 
characteristics;  3)  comments  on  commercial 
production  of  additives;  4)  A2;NII-4;  5)  sul¬ 
fonate  additive;  6)  TU  347-53  (removed  from 
production);  7)  AzNII-TsIATIM-l;  8)  alkylphe- 
nol  additive  with  good  anticorrosion  proper¬ 
ties.  Designed  for  diesels  running  on  low-sul¬ 
fur  fuel;  9)  produced  by  industry  in  accord¬ 
ance  with  GOST  7189-54;  10)  AzNII-TsIATIM-lf; 

II)  differs  from  AzNII-TsIATIM-1  additive  in 
lower  sulfur  content.  Designed  for  M-50f  die¬ 
sel  engines,  running  on  low- sulfur  fuel;  12) 
the  same,  in  accordance  with  VTU  371-54;  13 ) 

TsIATIM-339;  14)  additive  designed  for  diesels 
running  on  fuels  containing  up  to  1. 0%  sulfur; 

15)  the  same,  in  accordance  with  GOST  8312-57; 

16)  the  same;  17)  WII  NP  38O;  18)  mixture  of 
alkylphenol  and  organophosphorus  additives; 

19)  the  same,  in  accordance  with  VTU  NP  31-59; 

20)  MNI  IP- 22;  21)  the  same,  in  accordance 
with  VTU  NP  32-59;  22)  PMS-I9,  PMSYa,  SB-3, 

NG-102;  23)  sulfonate  additives  with  good  de¬ 
tergent  properties;  24)  experimental  batches; 

25)  NG-102U,  VNII  NP-362;  26)  mixtures  of  sul¬ 
fonates  with  alkylphenol  additives. 

The  English  "Anglomol"  Company  produces  several  oil  additives  un¬ 
der  the  name  "concentrates.  "  The  "concentrate  612"  additive  has  good 
detergent  properties,  while  concentrates  609  and  IO6O  improve  the  an¬ 
ticorrosion  properties  and  the  strength  of  the  oil  film,  l^lhen  6.5^  of 
"concentrate  612"  additive  is  introduced  into  an  oil,  the  resulting 
oil  will  cor37espond  in  quality  to  a  "series  2"  product. 

The  "Monsanto"  Company  pi'oduces  the  Santolube,  Santopure  and  San- 
todex  addltiVGS,  and  others,  used  to  Improve  various  oil  properties. 

Foreign  multipurpose  additives  of  the  Paranox  type  are  widely 
known. 

The  oon^sition,  properties,  and  production  technology  involved 


TABI^l  19.  Basic  Characteristics  of  Miltipur- 
pose>  Additives  Produced  hy  Domestic  Industry 
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1)  Characteristic;  2)  AaNII-TsIATIM-l,  GOST  7189-54;  3)  TsIATIM-339. 
GOST  8312-57;  4)  VNII  NP-360;  VTU  NP31-59;  5)  Ml  IP-22.  VTU  NP32-59; 
6)  kinematic  viscosity  at  100  C.  sst;  7)  ash.  8)  barium,  no  loss 
than;  9)  sulfur,  10)  phosphorus,  11)  zinc,  12)  water- soluble 
acids  and  alkalies;  13)  corrosion, pPinlosvich  method,  IOT-16  base  oil 
with  3fo  additive,  lead  plates,  g/m  ,  no  more  than;  14)  detergent  prop¬ 
erties,  PZV  method,  icr-l6  base  oil  with  3^  additive,  arbitrary  units, 
no  more  than;  15 )  none;  l6)  alkali  reaction;  17)  with  4.5^  ad^tive; 
18)  with  5^  additive. 


TABLE  20.  Some  Physicochemical  Properties  of 
Foreign  Series  2  Oils 


4  KoKcyeisocTb,  %  . . 
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1)  Property;  2)  series  2  oil;  3)  type;  4)  carbon  residue,  5)  ash, 

o)  aliiallnity,  mg  KOK  per  1  g  of  oil;  ?)  content,  ^  of:;  Q)  barium; 
9)  calcium;  10)  sulfur;  11)  phosphorus. 
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TABLE  21.  Properties  of  Additives  Produced  by 
"Anglomol"  Company 


noxaMiean 

2  KonncBTpant 
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VAC^iLniiii  Bee  npn  15,6*  C . 
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CoAepncaase, 
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0 
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O  cepu . 

8,1 

1,3 

83 

16,0 

3,5 

6,5 

9$oc$opa . . 

7,7 
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ao 

1)  Characteristic;  2)  concentrates;  3)  specific 
gravity  at  15.6°C;  4)  viscosity  at  98»9°C,  sst; 

5)  content,  of:;  6)  barium;  7)  zinc;  8)  sul¬ 
fur;  9)  phosphorus. 

in  foreign  oil  additives  form  the  subject  matter  for  a  manifold  patent 
literatxire  [13]. 

OPERATING  MECHANISM  OF  MULTIPURPOSE  OIL  ADKETIVES  ' 

The  protective  mechanisms  of  anticorrosion  additives  and  antioxi¬ 
dants  may  differ,  depending  on  the  structure  and  properties  of  the  ad¬ 
ditive,  and  basically  involve  the  following: 

a)  the  formation  of  a  protective  film  on  the  Brnstal,  which  pre¬ 
vents  corrosive  agents  from  penetrating; 

b)  retardation  of  the  oil-oxidation  process  and  reduction  of  oxi¬ 
dation  products; 

c)  neutralisation  of  acid  oil-oxidation  products  and  fuel  cossbus- 

tion  products.  . 

The  various  sulfur  and  organophosphorus  compounds  have  this  great¬ 
est  tendency  to  fora  strong  pj*oteotive  films  on  lead  and  its  alloys. 

As  we  have  already  mentioned,  oils  made  from  high- sulfur  crudes  . 
are  less  corrosive  than  oils  fi^a  low-sulfur  crud>3.  the  sulfur  > 
cosapounds  in  the  petroleum  act  as  natural  additives  that  fora  a  pro-  ' 
tective  sulfide  filsa  on  the  metal  .sui’face.  antlcorrosivo  action  of 
natural  sull'ur  compounds  proves  inadequate,  howev-.r,  in  cca^arison 


with  the  effect:|vehess  of  sulfur-containing  additives  such  as  the  Az- 
NII-TsIATIM-1,  etc*,  ad^tlves  of  the  sulfides  of  barium  di- 
allcylphenolates  type. 
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Fig.  10.  Effect  of  additives  on  cor- 
3?onivene3s  of  D-11  diesel  oil  during 
engine  operation,  l)  I>-1I  diesel  oil 
without  additives;  2)  the  same  *f  35^ 
TsIATIf(i-33S  additive;  3)  the  same  -f 
+  30  ,<ksNII-TsIATIK-l  additive;  4) 
corrosion  of  lead,  g/m^;  5)  engine 
operation,  hours. 


Barium  alkylphsnolate  (AFB)  is  a  detergent  component  included  in 
sjaay  cos^lox  additives.  Sis  sulfur  introduced  into  the  moXeouI©  is 
^o^ctrcisiely  active,  and  reacts  with  tlm  aotal  to  for®  a  rather  sti'ong 
sulfide  fils  that  protects  s^tai  against  corrosive  reagents,  and. 
saintaifiS  its  integrity  during  the  process  of  motor  operation. ' 

■  fhus,.  in'troduotion  of  sull^tr  into  the  A:'- B  isolec\0.e '  imparts  now  ■  - 
properties  to  it,  sM  the  aSditive  &  saaltipurpo.se  substance  such 
as  ■.fsxmE-339*  As|€D:«T,.- etc*,  additives. 

‘Its  surface  of  bearing,  inserts,  oast  frcja  lead- alloys,  acquir©  a 
chm^acteristic  darh-hrowh  color,  due-  to  the  forssaticn  of  tiss  protec- 
tivo  film,  after  they  have  boaa  with -an  oil  fomilated  with  ©ul-\ 


fur- containing  additives. 

■KLgure  10  shows  the  effect  of  additives  on  the  change  in  corro- 
;  sivenes.s  of  D-11  diesel  oil  during  engine  operation. 

Oil  corrosiveness  is  determined  in  a  : 
Plnkevich  apparatus  from  the  loss  in  weight  of 
lead  strips.  As  the  graph  shows,  the  corrol 

i 

siveness  of  oils  without  additives  increases 
with  the  length  of  time  that  the  engine  oper¬ 
ates. 

For  oils  with  the  effective  AzNII-TsIAtCI- 
M-1  anticorrosion  additive,  corrosiveness  ife- 
mained  very  low  over  the  entire  test  period. 

The  TsIATIM-339  alkali  additive  proved 
somewhat  less  effective,  whl.ch  may  be  due  to 
the  lower  strength  of  the  protective  film  and 
the  fact  that  the  additive  has  less  effect  iOn 
neutralization  of  acid  products,  and  on  thdl 
dispersing  effect.  *  . 

i 

As  we  knov,,  oil  corrosiveness  rises  with 
temperature.  As  Ramayya  has  shown,  a  bend  in 
the  curve  occurs  at  certain  temperatures.  This 
is  true  of  both  base  oils  and  oils  with  addi¬ 
tives,  and  may  be  explained  by  the  variation 
in  the  molecular  structure  of  the  oils  and  ad- 


Fig.  11.  Corrosive¬ 
ness  of  DS-11  oil 
with  various  addi¬ 
tives  as  a  function 
of  temperature,  l) 
DS-11  oil  with  no 
additive;  2)  the 
same,  TsIATIM-339 
additive;  3)  the 
same,  WII  NP-60 
additive;  4)  the 
same,  P^^S-19  addi¬ 
tive;  5)  the  same, 
AzNII-7  additive; 

6)  Plnkevich  corro¬ 
sion,  s/rcP-i  7)  tem¬ 
perature,  °C. 


dltives  at  the  beginning  of  thermal  decomposition.  iJIgure  11,  due  to 
V.  S.  Demchenko,  shows  the  way  in  which  corrosion  (by  the  Pinlcevich  me¬ 
thod)  depends  on  teraperatu37e  for  oils  with  various  additives.  It  fol¬ 
lows  from  the  nature  of  the  curves  that  the  anticorrosion  effective¬ 
ness  of  additives  does  not  change  in  the  same  way  with  temyeratui’e. 
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.V. 


Thus,  for  example,  while  at  the  standard  determination  temperature  of 
140®C,  an  oil  wfbh  PMS-19  additive  has  less  corrosiveness  than  with 

7 

AzNlI-?  additive',  at  higher  temperatures,  the  picture  Is  just  the  op¬ 


posite. 

Alkylphenols  possess  antioxidant  properties  that  retard  the  oxi¬ 
dation  rate  for  hydrocarbon  oils. 

The  best  antioxidant  properties  are  shown  by  the  so-called 
’’shielded"  phenols,  l.e.,  phenols  having  alkyl  groups  attached  at  the 
carbon  atoms  of  the  benzene  ring  [20].  The  "shielded"  phenols  Include 
the  well-known  antioxidant  lonol  (2,6-dlbutyl-4-methyphenol),  which 
has  the  structure 


OH 

(CH,),C-A-C(CH,), 


\/ 

CH, 


The  organophosphorus  compounds  contain  as  antioxidant  con^onents 
(WII  NP-353i  AN-22)  In  the  multipurpose  VNII  NP-36O,  MNI  IP-22,  etc., 
additives  are  good  antioxidants.  The  antioxidants  also  include  various 
famines  and  their  derivatives  [50J. 

Sulfonates  have  somewhat  poorer  antioxidant  properties,  and  thus 
It  is  recommended  that  organophosphorus  components  be  introduced  Into 
sulfonate  additives  as  antioxidants. 


Several  investigators  [17,  56]  have  shown  that  there  is  a  direct 
connection  between  the  ability  of  allcali  additives  to  decrease  corro¬ 
sive  wear  and  their  ability  to  prevent  the  formation  of  deposits  on 
engine  parts,  fails  is  explained  by  the  fact  that  the  ashes  that  form 
on  oil  oxidation  and  fuel  combustion  not  only  cause  corrosion,  but 
also  either  act  as  the  basic  products  tliat  form  deposits,  or  else  help 
to  increase  the  amount  and  strength  of  these  deposits. 
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Thus,  the  alhall  properties  or  play  a  large  role  in  de- 

i 

'Creasing  co3?rosive  wear  and  the  amoTiat-  of  varnish  and  carbon  deposits, 
especially  where  sijlfur-bearing  fuels  are  used.  j 

I 

Figure  12  gives  some  results  from  an  investigation  into  the  effect 
of  additive  concentration  on  wear  rate,  carried  out  by  Yu.  S.  Zasla-i/’- 
skiy,  G.I.  Shor,  and  V.N.  Monastyrskiy  [17]^  using  an  apparatus  wi|h 
radioactive  rubbing  parts.  ; 

t 

In  these  eacperiments,  vapors  of  acetic  or  sulfuric  acid  were  dp- 
plied  to  the  friction  siirfaces.  As  a  result,  the  rate  of  wear,  checked 
by  means  of  the  radioactivity  of  the  oil  under  study,  rose  sharply  1. 

Depending  on  the  amount  of  additive  Introduced,  more  or  less  i 

long-term  retardation  of  the  wear  rate  was  observed,  followed  by  a; 

sharp  rise,  commencing  after  the  alkali  additive  had  been  used,  !»• 
neutralizing  the  acid.  ' 

The  neutralizing  action  of  alkylphenols  is  greater  than  that  <^f 
the  corresponding  sulfates,  which  is  explained  by  the  weak  bond  of ^ the 
metal  in  the  alkylphenol  molecule,  and  its  tendency  to  dissociate  in 
the  presence  of  acids.  f 

An  oil  with  an  additive  retains  its  alkali  properties  until  ail 

i 

of  the.  additive’s  alkali  component  has  been  used  up  in  neutralising 
the  acids  formed.  Thus,  the  ability  of  an  oil  to  retain  the  alkali  re- 


Fig.  12.  Effect  of  neutralising- additive  concentration  on  the  effec¬ 
tiveness  with  which  corrosive  wear  is  retarded.  1)  AS-9«5  oil,  no 
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ditive;  2)  the  same  +  1.5^  sodium  disulfide  alkylphenolatej  3)  the 
same  +  3^  of  the  same  additive j  4)  the  same  +  6^  of  the  same  additive; 
5)  the  same  +  of  the  same  additive;  6)  radioactivity  of  oil^  counts 
per  min;  7)  application  of  acid  vapors;  8)  duration  of  experiment, 
hours. 
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I'lg.  13.  Wear  on  piston  ring 
as  function  of  oil  allcallnity 
at  end  of  test,  engine  oper¬ 
ating  on  fuels  with  various 
sulfur  contents.  1)  Content 
«  0.2^;  2)  the  same,  S  = 

»  1.0^;  3)  the  same,  S  =  2.0^; 
4)  piston-ring  wear,  mg;  5) 
acid  alxaiinity  at  end  of 
tost,  arhitrary  units. 


action  decreases  wear  and  reduces 
the  amount  of  deposits  on  the  pis¬ 
ton,  and  this  is  especially  evident 
when  an  engine  is  operated  on  a 
fuel  with  a  high  sulfur  content. 

Jlgure  13  shows  the  results 
obtained  by  Kendall  [52];  he  stu¬ 
died  piston-ring  wear  in  a  Gardner 
engine  operating  on  fuels  with  va¬ 
rious  sulfur  contents  and  oils  with 
various  alkali-additive  concentra¬ 
tions. 

As  we  can  see  from  the  nature 
of  the  curves,  high  alkalinity  has 
very  little . effect  on  wear  reduc¬ 
tion  when  an  engine  uses  a  low- sul¬ 
fur  fuel,  but  it  is  extremely  ef¬ 
fective  where  the  fuel  sulfur  con¬ 
tent  is  1.0  and  2.0^ 

Hoyningen-Huen  and  others  [56] 


have  also  indicated  that  there  is  no  relationship  between  oil  alkalin¬ 
ity  and  wear  and  piston  fouling  when  a  low-sulfur  fuel  is  used. 

Kechanistn  at  detergent-additive  action.  We  sliould  first  note  that 
the  maohanism  by  which  a  detergent  additive  acts  has  not  been  stt^died 
sufficiently,  and  the  available  exp^srlmantal  material  only  permits 


certain  assumptions  as  to  tlie  essence  of  this  process. 


Denison  and  Kavii  [11],  and  other  investigators  [59]  have  used  an 
electron  microscope  to  study  the  change  in  oil  structure  occurring 
during  engine  operation]  they  found  that  fresh  oil  represents  a  highly 
dispersed  system  in  which  very  fine  insoluble  particles  of  tarry  prod¬ 
ucts  form  and  consolidate  with  increasing  length  of  engine  operation. 
These  particles  are  converted  into  larger  aggregates  (micelles),  owir^g 
to  the  confluence  of  fine  particles.  This  is  the  way  in  which  carbon 
particles  form;  these  particles,  adhering  to  engine  parts,  lead  to 
fouling.  Figure  l4  shows  electron  microphotographs  of  used  oil  with 
various  periods  of  engine  operation. 

The  purpose  of  a  detergent  additive  is  to  prevent  the  consolida¬ 
tion  of  carbon  particles  and  the  formation  of  deposits,  keeping  the 
particles  in  the  finely- dispersed  state,  suspended  in  the  oil. 


Fig.  l4.  Variation  in  carbon-particle  sise  in 
oil  during  p’^ocess  of  engine  operation.  1) 
Fresh  oil]  2)  oil  after  5  hours  of  engine  op¬ 
eration;  3)  the  same,  after  15  hours;  4)  the 
same,  after  40  hours;  5)  1  laieron. 


iin  oil  vfith  an  additive  doss  not  represent  a  true  solution,  but 


rather  a  certain  colloidal  system  in  vihich  the  additive  is  dispersed 
in  the  fora  of  micelles  containing  a  large  number  of  molecules. 


formation  coincides  with  the  period  in  which  most  of  the  additive  has 
been  eliminated  and  carbon  particles  are  consolidating  in  the  oil. 

It  shoTild  be  noted  that  the  effectiveness  of  additives  depends  to 
some  degree  on  the  chemical  composition  of  the  base  oil.  According  to 
data  of  A.V.  Etruzhinlna  [133  the  naphthene-paraffin  hydrocarbons  are 
most  sensitive  to  the  action  of  additives. 

VISCOSITY  AE0ITIVES  AND  DEPRESSANTS 

Low-viscosity  oils  have  a  flatter  curve  for  the  viscosity-temper¬ 
ature  relationship.  If  a  low-viscosity  liquid  contains  a  dissolved 
substance  whose  molecular  weight  is  considerably  greater  than  the 
molecular  weight  of  the  solvent,  the  viscosity  will  be  raised  and  at 
the  same  time  the  flatness  of  the  viscosity- temperature  curve  will  be 
retained. 

Thus,  various  high-molecular-weight  products  of  hydrocarbon  poly¬ 
merization  may  be  used  as  additives  in  order  to  obtain  thiclcened  oils. 

It  should  be  noted  that  viscosity  additives  do  not  in  themselves 
improve  the  flatness  of  the  viscosity- ten^erature  curve,  whose  nature 
is  determined  completely  by  the  base  oil.  Utilization  of  viscosity  ad¬ 
ditives,  he. /ever,  makes  it  possible  to  obtain  thick  oils  whose  viscos¬ 
ity-temperature  properties  are  very  nearly  the  same  as  those  of  the 
base  oil,  a.ii  the  viscosity  of  such  oils  at  low  temperatures  will  be 
considerably  below  that  of  ordinary  oils  having  equal  viscosity  at 
lOO^C. 

In  1939#  S.S.  Naaetidn  and  M.G.  Rudenioj  obtained  an  additive, 
which  they  called  Superol. 

Superol  is  a  polyisobutylena  with  a  molecular  weii^t  of  24,000, 
i.e.,  the  isobutylene  polymerisation  product  has  the  structure 


Another  polymer  additive  is  Vinlpol,  obtained  by  M.P.  Shoatakov- 
sldy  by  polymerization  at  vinyl-n-butyl  ether. 

A  well-known  foreign  additive  is  Paratonfe).  which  la  a  solution 
of  pure  polyisobutylene  (with  molecular  weight  of  30^000)  Ih  oil. 

Recently,  methacrylate  viscosity  additives  have  become  common; 
they  take  the  form  of  polymers  of  methacryllc  acid  esters  and  high- 
molecular-weight  alcohols.  In  the  United  States,  of  all  viscosity 
additives  are  made  up  of  methacryllc  and  acrylic  esters  [28]. 

Certain  polymethacrylates,  also  called  acryloids  in  the  foreign 
literature,  are  used  to  thicken  oils,  and  also  are  able  to  lower  the 
oil  pour  point,  l.e.,  they  are  depressants. 

Other  additives  that  is\prove  viscosity  properties  and  reduce  the 
pour  point  are  the  voltolized  oils  (voltols),  which  are  obtained  vrhon 
an  electrical  glow  discharge  acts  on  an  oil. 

It  is  assumed  that  during  voltolization,  the  hi^- frequency  al¬ 
ternating  current  causes  polymerization  processes  to  occur,  and  the 
high-c^lecular-weight  products  obtair^d  change  the  viscosity  proper¬ 
ties  of  an  oil  upon  addition.  Voltols  also  liqprove  the  oiliness  and 
oxidation  stability,  but  do  not  improve  the  anticorrosion  or  detergent 
ps’operties  of  an  oil. 

thickening  effect  produced  by  a.n  additive  consisting  of  high- 
molecular-wei^t  cos^ounds  expends  on  the  concentration  of  the  addi¬ 
tive,  the  !iu>lecular  weight  of  the  polymer,  and  on  the  properties  of 
ti\e  base-oil  —  the  solvent. 

It  has  bean  established  in  practice  that  a  molecular  weight  of 
15^000-30,000  is  eptimum  for  the  polymers  used  as  viscosity  addltivas. 


TABIE  22.  Viscosity- Temperature  Properties  of 
“Avtol"  Motor  Oils  (from  Data  of  Ye.G.  Semen- 
i(3o) 


p  BRSKocTb  xnnoMaTinecKBff,  eem 
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3  AC-5 

4AK3n-10 

150 

3^ 

2.5 

4,1 

125 

5,5 

3,7 

6.0 

100 

ia4 

7,1 

10,0 

50 

72 

48 

45,0 

0 

5625 

2050 

1091 

-5 

11358 

3600 

1748 

-10 

7049 

2886 

-20 

33800 

20498 

1)  Tenmerature,  2)  kinematic  viscosity, 
sstj  3J  AS-5;  4)  AKZp-10. 


Polymers  with  molecular  weights  greater  than  30,000  do  not  have 
adequate  thermal  or  mechanical  stability,  and  find  almost  no  applica¬ 
tion  as  motoi^oil  additives. 

Thickened  oils.  Thickened  oils,  which  have  a  flat  viscosity- tem¬ 
perature  curve,  have  been  created  as  a  result  of  the  need  for  an  oil 
that  retains  sufficient  mobility  to  ensure  easy  engine  starting  at  low 
temperatures  while  having  sufficiently  high  viscosity  in  positive-tem¬ 
perature  regions, 

Exan^les  of  such  oils  are  "Avtol"  motor  oils  AKZp-6  and  AKZp-10 
(GOST  1862-57),  thickened  with  polyisobutylene  of  molecular  weight 
15,000-25,000,  and  ICr-l4p  oil  (see  Fig.  3). 

Petroleum  distillates  with  viscosities  at  100°C  not  exceeding 
4  sst  are  used  as  the  low- viscosity  bases  for  thickened  oils;  they 
have  a  restricted  fi’actional  composition.  According  to  data  of  Ye.G. 
Seaenido  [41],  a  base  for  thickened  diesel  oils  should  contain  no  more 
than  3fo  of  fractions  distilling  at  320®,  which,  in  practice,  elimi¬ 
nates  the  possibility  of  oil  evaporation  in  the  engine  circulating 
system. 

i 

It  is  clear  from  Tabic  £2  that  AKSp-10  thickshed  oil  corresponds 


in  viscosity  at  100?C  to  sumsp  AK-10  motor  oil,  while  at  0®,  it  has  a 

■  I 

viscosity  that  is  considerably  less  than  ordinary  AS-5  winter  oil. 

In  other  countries,  thickened  oils  are  called  all-purpose  (multi- 
grad)  or  all-weather  oils,  and  they  are  assigned  a  double  number  in 
the  SAE  classification. 

(Hius,  for  example,  SAE-lOW/30  all-weather  oil  corresponds  to  Si^E- 
lOW  winter  oil  in  its  low- temperature  viscosity,  while  its  viscosity 
at  100°C  lies  in  the  range  corresponding  to  SAE-30  oil. 


Fig.  l6.  Nature  of  piston-ring 
wear  in*  automobile  engine  lubri¬ 
cated  with  ordinary  (l)  and 
thickened  (2)  oils,  a)  Road-test 
wear;  b)  starting  wear,  l)  Wear; 
2)  length  of  run. 


?lg.  IT*  Effect  of 
iuAiP  depressant .  on 
pour  point  of  AK-6 
oils  obtalr*ed  from 
various  crudes.  1) 
four  point,  2) 
additive  conceati^a- 
tioa. 


The  advantages  of  thickened  oils  lie  pri< 
marily  in  the  lng>rovement  of  starting  chax^ao- 
teristios.  Utilization  of  {^-l4p  thickened 
oil  makes  it  possible  to  start  a  cold  diesel 
engln©  (provided  fuel  in  the  cylinders  ig¬ 
nites)  to  temperatures  of  -32®. 

tests  with  a  6A2-51  automotive  @n- 
gijae,  carried  out  by  N.G.  Puchkov  [35]  at  low 
tesijsratures  yielded  the  following  limiting 
temperatui^s  at  which  it  is  possible  to  turn 
the  engina  over  with  the  starter  In  order  to 


start  the  eagina  when  various  oils  are  used: 


Avtol  6,  distillate  .  -16,  -17° 

Avtol  4,  distillate .  -21,  -22° 

Avtol  6,  thickened  . -24,  -25® 

Avtol  4,  thickened  . -28,  -30° 


As  we  know,  the  wear  on  rubbing  parts  is  greatest  when  a  cold  en¬ 
gine  is  started  and  the  oil  o^pply  is  inadequate  owing  to  the  high 
viscosity  of  the  oil  at  low  temperatures. 

Thickened  oils,  which  have  a  considerable  lower  viscosity  at  low 
temperatures,  provide  a  better  supply  of  oil  to  all  rubbing  parts 
during  starting  of  an  engine,  and  result  in  less  wear. 

RLgure  l6  shows  the  results  of  continuous  observations  of  the 
rate  of  xi?ear  of  piston  rings  in  an  automobile  engine;  the  tests  x^ere 
carried  out  by  English  investigators  using  a  radioactive-isotope  me¬ 
thod  [58]. 

When  Type  SAE-lOW  thickened  oil  is  used,  there  is  a  unifoimi  in¬ 
crease  in  wear,  while  with  operation  on  ordinary  oil,  a  sudden  in¬ 
crease  in  engine  wear  is  noticed  when  it  is  started  after  standing 
overnight. 

In  addition,  thickened  oils  with  low- viscosity  base  oils  result 
in  lower  engine  friction  losses  than  is  the  case  with  ordinary  oils, 
and  thus  offer  soma  advantage  in  extra  power  and  fuel  savings. 

Additives  reducin?^  the  oil  nour  point  (depressants).  A  very  com¬ 
mon  additive  of  this  group  is  the  AsNII  (GOST  8443-57)  depressant, 
synthesised  by  A.M.  ICullyev,  O.A.  Geyman,  and  S.Kh.  Shlciyan.  fixe  addi¬ 


tive  is  a  product  of  the  condensation  of  naphthalene  with  a  chlori¬ 
nated  paraffin  and  according  to  the  technical  specifications  fz*oia  the 
standard  mentioned,  tho  addition  of  0.1^  of  depressant  to  AK-1^ 

oil  reduces  the  pour  point  by  at  least  10°C. 

The  rsagnltude  of  the  reduction  depesnis  greatly  on  the  chemical 


composition  of  the  oils.  Type  AzNII  depressant  is  most  effective  in 

t 

reducing  the  pour  point  of  low-paraffin  oils.  As  ELg.  17,  due  to  N.  V. 

\ 

Brucyantsev  [5],  shows,  the  greatest  reduction  in  oil  pour  point  is 
caused  by  the  first  batches  of  depressant,  A  further  increase  in  addi¬ 
tive  concentration  above  1.0-1. 5^  it  relatively  Ineffective.  As  a 
rule,  AzNII  depressant  is  normal?.y  added  to  commercial  diesel  oils  and 
to  avtols  in  concentrations  not  exceeding  0.5J2- 

The  multipurpose  AzNII-TslATIM-1  (GOST  7189-5^)  additive  is  also 
used  as  a  depressant;  in  addition,  it  has  good  anticorrosion  and,  to 
some  degree,  detergent  properties. 

Table  23  gives  data  on  the  effect  of  various  depressants  on  oil 
pour  points  [28]. 

Other  additives.  In  addition  to  the  anticorrosion,  detergent, 
viscosity,  and  pour-point  depressant  additives  discussed  above,  there 
are  several  other  types  of  additives  which,  however,  are  used  primarily 
not  for  diesel  oils,  but  for  oils  Intended  for  other  types  of  engines 
and  mechanisms.  Thus,  we  shall  only  give  brief  mention  to  these  addi¬ 
tives. 

Antiseizing  additives  or  additives  improving  the  lubricating 
proper^Jiss  of  oils.  These  additives  increase  the  olliness  and  reduce 
the  coefficient  of  friction  for  a  mechanisa.  This  type  of  additive  is 
noi^iaily  introduced  into  transrdssion  oils  designed  for  the  lubrica¬ 
tion  of  rubbing  sui'facos  in  ssjchanisms  with  hl^.  unit  pressures,  for  ■ 
example,  for  hypoid  gears.  These-  additives  include  chlorinated  hydro¬ 
carbons,  xanthates,  and  various  sulfurisod  products.  In  other  coun¬ 
tries,  oils  for  extreme  pressures  are  called  E?  oils  (extra-pressure 
oils). 

Antti. ^ 02^  additives  are  aos  Igsmd  to  break  lip  water-oil  emulsions 
that  form  In  the  oil  system  when  the  oil  spatters  in  the  engine  cranx- 


case.  This  type  of  additive  includes  certain  organcsilicon  compounds 
known  as  polyslloxane  fluids  (PMS-200  additive). 


TABLE  23*  Pour  Point  of  Turbine  Oil  Produced 
from  Eastern  Crudes,  Various  Additives  (Data 
Due  to  L.A.  Potolovskiy) 
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1)  Additive;  2)  pour  point,  ^C;  3)  initial 
oil,  no  additive;  4)  after  introduction  of 
additive,  5)  AzKII  depressant;  6)  AzNII- 
TsIATIM-1;  7)  Acryloid  150  (iinported);  8)  ‘ 
polymathacrylate,  M- 15,600. 
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Chapter  3 

lEST  METHODS  FOR  OILS  AND  ADDITIVES 
EVALUATION  OP  OILS  WITH  LABORATORY  APPARATUS 

In  or<ier  to  evaluate  the  suitability  of  an  oil  or  additive  for 
utilization  under  actual  operation  conditions,  it  is  necessai*y  to  have 
available  reliable  test  methods.  The  preliminary  evaluation  of  oil  and 
additive  quality  is  carried  out  with  laboratory  apparatus,  while  the 
final  decision  as  to  whether  or  not  a  given  oil  is  sxil table  for  a  par¬ 
ticular  engine  can  be  made  only  after  extensive  motor  tests  have  been 
carried  out. 

Additives  are  introduced  into  a  base  oil  in  order  to  improve  its 
operati’'-^  properties.  However,  the  results  of  a  determination  of  the 
ordinary  physicochemical  characteristics  of  an  oil  with  an  additive 
such  as  the  ash  content,  carbon  residue,  acidity,  etc. ,  will  normally 
give  no  basis  for  a  Judgmant  as  to  the  improvement  in  oil  quality,  Bie 
introduction  of  3-5^  of  an  alhylphenol  additive  increases  the  ash  con¬ 
tent  and  carbon  residue,  causes  the  oil  to  display  an  alkali  reaction, 
and  at  first  glance  appears  to  impair  the. oil  characteristics^  in  or¬ 
der  to  evaluate  oil  operating  pi-^pe,rtics,  therefore,  the  r^tor-oil  ■ 
standards  specify  several  additional  indicators  characterisins  oorro- 
sivei^ss,  detergency,  and  tharmal-osidation  stability j  these  charac¬ 
teristics  are  to  be  detexsained  i^ith  laboratory  apparatus. 

Among  the  neat  common  methods  foa^  dstea®lning  the  corrosiveness 
of  an  oil  are  deterainatlons  of  corrosiveness  with  the  apparatus  of 
V.S.  Pirlcevich  and  22C-2  apparatus,  developed  by  SLS.  las^Ayya  (Sta.t® 


All-Union  "Order  of  Labor  Hed  Banner"  Automobile  and  Automobile  Engine 
Scientific  Research  Institute)  (NAMI). 

Txie  PZV  method  is  a  very  reliable  way  of  determining  oil  dete  ■- 
gency.  The  standards  for  oils  with  additives  also  specify  an  evalua¬ 
tion  of  thermal-oxidation  stability. 

Vfell-knowa  methods  exist  for  deteimilnlng  the  motor  volatility  of 
oils  (K.K.  Papok)j  the  tendency  of  oils  to  foimi  varnish^  using  appa¬ 
ratus  to  K.S.  Kyuregyan^  oil  oxidizability,  in  a  IK~2  instrument,  and 
other  test  methods  for  oil  operating  properties  using  laboratory  ap¬ 
paratus. 

Determining  oil  corrosiveness  by  the  Plnkevich  method  (GOST  5162- 
49 ).  The  method  consists  in  evaluating  oil  corrosiveness  from  the 
change  in  weight  of  a  metal  strip  that  is  subjected  alternately  to  im¬ 
mersion  in  the  tested  and  ra.;.3ing  to  the  air;  the  test  is  carried 
out  in  a  Pinkevicii  apparatus  for  50  hours  at  an  oil  temperature  of 
140°C. 

Figure  I8  gives  a  diagram  of  a  Plnkevich  apparatus. 

As  a  rule,  lead  strips  are  used  to  evaluate  oil  corrosiveness; 
for  research  purposes,  however,  plates  of  lead-bronze  or  other  bearing 
alloys  may  be  used.  Oil  corrosiveness  is  e^fpressed  by  the  . change  in 
weight  of  the  strip  per  unit  area. 

The  red-plate  corrosiveness  of  fresh  oils  without  additives  ranges 
2 

from  10  to  100  g/m  ,  while  for  oils  with  additives,  it  does  not  exceed 

p 

10-12  g/m  .  IVhere  lead-bronze  plates  are  used,  the  change  in  weight  is 
one-third  to  one-fourth  that  found  with  red  plates. 

In  determining  the  corrosiveness  of  oils  containing  effective  an¬ 
ticorrosion  additives,  an  increase  in  strip  weight  is  sometimes  ob¬ 
tained  cwing  to  the  appearance  of  a  protective  filin  that  forms  when 

a 

the  metal  reacts  with  the  elements  of  the  additive.,  The  Plnkevich  me- 


tho.d  has  been  used  for  several  years,  and  it  gives  completely  reliable 
results;  recently,  however,  the  method  has  begun  to  give  way  to  the 
faster  corrosion-determination  method  using  the  rK-2  apparatus. 

Determining  oil  corrosiveness  by 
K. S.  Ramayya*s  method.  The  method  of  de- 
teinnining  oil  corrosiveness  with  a  IK-2 
apparatus  of  the  NAMI  (GOST  8245-56)  pro¬ 
posed  by  K. S.  Ramayya  [39]  is  also  based 
on  a  determination  of  the  weight  lost  by 
a  lead  strip  subjected  periodically  to 
the  action  -f  the  tested  oil  and  air, 
both  heated  to  140®C,  for  a  10-hour  pe¬ 
riod. 

Rlgure  19  shows  a  DK- 2  apparatus. 

The  lead  strip  located  in  the 
specially- shaped  flask  4,  is  alternately  • 
immersed  in  the  oil  and  subjected  to  the 
action  of  the  air  as  the  flask  is  ro¬ 
tated  about  the  axis  of  the  instrument  by 
means  of  the  electric  motor  1  and  reduc¬ 
ing  gear  2. 

The  temperature  is  held  constant  by 
means  of  the  oil  bath  3^  which  is  pro¬ 
vided  with  a  mixer  6,  electric  heater, 
and  temperature  control. 


Pig.  18.  Diagram  of  Pln- 
kevich  apparatus  for  de¬ 
termining  oil  corrosive¬ 
ness. 


The  method  described  gives  corrosiveness  values  that  are  close  to 
those  obtained  with  the  Pinkevich  apparatus,  and  has  the  advantage  of 
requiring  a  shorter  detelbmination  period. 


Recently,  a  method  proposed  by  the  NAMI  for  determining  oil  oxi- 


•dation  has  come  into  common  use.  The  oil  is  oxidized  in  the  n<-2  ap¬ 
paratus  of  the  NAMI  at  a  temperature  of  200°C  for  50  hours;  the  degree 
of  oxidation  is  judged  primarily  from  the  accumulation  of  insoluble 
sediment  due  to, oxidation  products ^  as  well  as  from  the  Increase  in 
viscosity  [36].  Oils  with  high  oxidation  stability  yield  minimum 
amounts  of  sediment. 


Fig.  19.  Diagram  of  NAMI  DK-2  appa¬ 
ratus  for  determining  oil  corrosive¬ 
ness. 

Determining  detergency  by  the  PZV  method  (GOST  5726- 53 )»  This  me¬ 
thod,  developed  by  K.K.  Papok,  A.  P.  Zarubin,  and  A.  3.  Vipper  is  based 
on  a  brief  test  of  the  oil  in  a  special  PZV  apparatus,  followed  by 
evaluation  of  piston  fouling  on  an  arbitrary  scale. 

The  PZV  apparatus  takes  the  form  of  a  single-cylinder  motor  (cy-. 
Under  diameter  52  mm,  piston  stroke  52  ram),  driven  by  an  electric  mo¬ 
tor.  The  cylinder  head  and  walls  are  heated  by  ele’ctric  heaters.  Fig-! 
ure  20  shows  a  diagram  of  the  PZV  apparatus. 
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The  following  operating  conditions  are  maintained  during  tests; 


Speed  . . . . .  2500  rpm 

Cylinder-head  temperature  . .  300®C 

Center  of  cylinder  temperature . . . .  225® C 

Oil  in  crankcase  tei>iperatur©  . . . . . . .  125®C 

Induction  air  temperature  . . . . . . .  220°C 

Quantity  of  oil  tested  . .  250  ml 

Length  of  test  . . . . .  2  hours 


At  the  conclusion  of  the  test,  the  piston  is  inspected,  and  an 
estimate  made  as  to  the  quantity  and  color  of  the  varnish  deposits  on 
the  side  surface  of  the  piston;  the  estimate  is  made  by  comparing  it 
with  a  standard  color  scale,  reproduced  in  Fig.  21. 

A  completely  clean  piston  with  no  varnish  depjslts  receives  the 
hi^iest  rating  -  0.  If  the  entire  side  wall  of  the  piston  is  covered 
with  black  varnish,  the  lowest  rating  -  )  -  is  given. 

Varnish- formation  determinations  by  the  PZV  method  agree  well 
with  results  obtained  by  motor  tests  in  an  engine  [36]. 
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'  Ihe  thermal-oxidatlon  stalpillt-?/  of  oils  (GOST  4953~^9L  determined 
by  the  method  of  K.K.  Papok,  is  expressed  in  terms  of  the  time  (in  min¬ 
utes)  required  to  convert  an  oil  under  the  given  test  conditions  into 
a  varnish  film. 


vv  V  -  V 


vsi; 


Fig.  21.  Scale  used  to  evaluate  varnish  forma¬ 
tion  on  pistons  of  P2V  apparatus  (0  represents 
the  best  possible  rating  with  respect  to  pis¬ 
ton  fouling). 


TABLE  24.  Effect  of  Additives  on  Oxidation  of 
MT-16  Oil 
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1)  Oil  aiid  additive;  2)  l/L  at  250^0,  30  min, 
3)  thermal-oxidation  stability,  Papok  me¬ 
thod,  230*^0,  minutes;  4)  MT-16  oil.  no  addi¬ 
tive;  5)  the  same,  +  NG-102u:  le  same  + 

+  3^  S3-3;  7}  the  sams  +  3^  K?-i;  u)  ^he 
same  +  3^  WII  MP-SSS;  9)  the  same  +  6.5j«  SB- 
3  +  3.5^  AN-22. 
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Thermal-oxidation  stability  is  determined  by  means  of  a  special 
varnish- forming  device,  in  which  the  required  temperature  (usually 
250°C)  is  maintained. 

The  oil  is  poured  within  metal  rings  located  on  a  steel  disk, 
wliich  is  placed  into  the  varnish- forming  device;  the  disk  is  left 
there  until  the  oil  has  been  converted  into  a  varnish  film.  A  lever- 
type  dynamometer  is  used  to  measiu?e  the  force  required  to  remove  the 
burnt  ring  from  the  disk.  The  time  required  for  a  given  temperature  to 
convert  the  oil  into  a  varnish  film  that  holds  the  ring  with  a  force 
of  1  kg  serves  as  a  qualitative  index  to  the  thermal-oxidation  stabil¬ 
ity  of  the  oil  being  tested. 

The  thermal-oxidation- stability  determination  carried  out  by  this 
method  serves  to  characterize  approximately  the  behavior  of  the  oil  in 
an  engine  in  the  piston-ring  zone,  from  the  viewpoint  of  piston-ring 
burning  and  the  formation  of  varnish  deposits.  At  250^0  the  thermal- 
oxidation  stability  determined  by  the  K.K.  Papok  method  normally  lies 
in  the  15-25  min  range  for  base  oils  (no  additives).  By  introducing  3- 
5^  of  antioxidants  such  as  dlalkyldlthiophosphates,  the  thermal- oxida¬ 
tion  stability  may  be  Increased  to  6O-8O  min,  which  is  very  important 
in  reducing  the  tendency  of  an  oil  to  form  varnish  and  cause  piston- 
ring  burning. 

Motor  volatility,  working:  fraction,  and  varnish  (GOST  5737-53). 
This  method,  developed  by  K.K.  Papok  and  his  associates,  characterises 
oil  volatility  when  it  comes  into  contact  with  hot  surfaces  of  engine 
parts,  and  its  tendency  to  form  varnish. 

The  determination  is  made  in  terms  of  the  weight  loss  of  small 
quantities  of  oil  applied  in  a  thin  layer  to  special  metal  plates 
(evaporators),  which  are  placed  into  the  varnish- forming  device  de¬ 
scribed  above,  where  they  are  held  at  250^0  for  30  min. 
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^Kie  oil  weight  lost  due  to  distillation  of  the  light  fractions, 
ej^ressed  in  percent,  is  an  index  to  motor  volatility.  The  liquid  part 
of  the  oil,  removed  by  the  solvent,  is  taken  as  the  working  fraction 
of  the  oil,  while  the  portion  remaining  undissolved  on  the  evaporator 
is  taken  as  the  varnish. 

As  a  inile,  the  oil  is  characterized  by  the  ratio  of  the  motor 
volatility  (I)  to  the  amount  of  varnish  (L)  at  a  given  tenperature. 
Thus,  for  example,  for  MS-20  oil  at  250^0,  the  ratio  is  l/L  =  61/20. 

Table  24  gives  values  of  l/L  and  the  thermal-oxidation  stability 
for  MT-16  oil  with  vaui'lous  additives.  It  is  clear  from  these  data  that 
the  sulfonate  additives  (NG-102  and  SB-3)  which,  as  we  know,  have  good 
detergent  properties,  have  little  effect  on  the  tendency  of  an  oil  to 
withstand  the  oxidation  process.  Phosphorus- containing  additives  <-  an¬ 
tioxidants  (DP-l,  VNII  NP-353,  AN-22)  -  on  the  other  hand,  change  the 
I/L  ratio  considerably,  and  improve  the  thermal- oxidation  stability. 

Thus,  in  order  to  obtain  an  additive  that  combines  good  dispers¬ 
ing  characteristics,  contains  sulfonates  with  high  thermal-oxidation 
stability,  we  attempt  to  obtain  a  mixture  of  sulfonates  with  organo- 
phosphorus  antioxidants.  One  such  experimental  blended  additive  is  a 
mixture  of  barium  sulfonate  (SB-3)  with  the  auitioxidant  AN-22  which, 
as  the  table  shows,  has  good  thermal- oxidation  stability. 

The  tendency  of  oils  to  varnish  formation  may  also  be  determined 
with  S.K.  Kyuregyan'b  apparatus  [26];  an  over-all  view  of  this  device 
is  shown  in  Fig.  22. 

A  steel  ring  3  with  a  polished  surface  is  attached  to  a  plate  4 
within  which  is  located  an  electrical  helical  heater.  Both  ring  and 
plate  are  rotated  by  an  electric  motor  through  a  worm  gear  located 
within  the  housing.  On  the  ring,  three  aluminum  supports  2  hold  the 
load  disk  1,  which  is  coupled  to  a  spring  that  keepts  it  from  turning. 


A  thin  layer  of  the  oil  to  be  tested  is  applied  to  the  ring.  vJhen 
the  ring  rotates,  friction  appeal's-  between  it  and  the  load-dislc  sup- 
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Fig.  22.  Kyuregyan  device  for 
determining  the  varnish-fora- 
Ing  tendency  of  oils. 


TABLE  25 ♦  Results  of  Varnish- Formation  Deter¬ 
minations  for  DS-11  Oil  with  Various  Additives 
Using  Kyuregyan  Apparatus 
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1)  Oil  and  additive;  2)  varnish- formation  pe¬ 
riod,  minutes;  3)  D3-11  oil,  no  additives;  4) 
the  same,  +  8^  PMS-19;  5)  the  same,  +  10^  SB- 
3;  6)  the  same,  +  55^  BFK-1;  7)  the  same,  +  3^ 
TsIATIM-339;  8)  the  same,  +  3}^  AaNII-7;  9) 


the  same,  +  6%  VNII  NP-36O;  10)  the  same,  +  6%  MNI  IP- 22;  11 )  Mobil- 
guarcl  (imported)  oil. 

were  carried  out  at  the  Central  Elesel  Scientific  Research  Institute. 
It  follows  from  these  data,  as  from  the  data  of  Table  24,  that  sulfo¬ 
nate  dispersing  additives  (PMS-19,  SB-3)  less  to  decrease  the  tend¬ 
ency  toward  varnish  formation  than  alkylphenol  and  phosphorus-contain¬ 
ing  additives  of  the  VNII  NP-36O  type. 

OIL  MOTOR  TESTS 

Testing  oils  and  additives  in  single -cylinder  engines.  At  pre¬ 
sent,  there  is  no  one  single  standard  method  in  the  Soviet  Union  for 
conducting  motor  tests  on  oils,  although  work  is  being  carried  out  in 
this  direction. 

The  most  common  methods  for  determining  oil  quality  use  the  spe¬ 
cial  UIM-NATI  apparatus  and  the  Type  IT9  apparatus. 

The  oil-testing  apparatus  (UIM)  developed  by  the  NATI  [49]  repre¬ 
sents  a  single-cylinder  section  of  the  D-54  (Ch  12. 5/15* 2)  trapdoor 
diesel  engine,  mounted  on  a  universal  crankcase.  The  universal  crank¬ 
case  makes  it  possible,  where  necessary,  to  change  to  a  cylinder-pis¬ 
ton  system  of  different  size.  Thus,  for  exan^le,  in  one  version  of 
this  apparatus  (the  UIM-2  engine)  the  installed  cylinder  and  piston 
have  the  dimensions  of  those  used  in  the  SI4D  (Ch  11.5/13)  combine  die¬ 
sel. 

Figure  23  gives  an  over-all  view  of  the  UIM  apparatus. 

In  tills  test,  the  cooling  fluid  is  held  at  a  higher  temperature 
than  in  operating  plants;  thus,  it  is  possible  to  determine  the  tend¬ 
ency  of  an  oil  to  form  carbon  and  varnish  within  a  relatively  short 
time  period. 

Table  26  compares  basic  data  characterising  oil  test  conditions 
for  a  UII''I-NATI  device  and  otiier  apparatus  used  to  determine  oil  quai- 
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TABLE  26.  Ifethods  of  Determining  Oil  Quality 
with  Single- Cylinder  Apparatus 
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I)  Name  of  method;  2)  NATI;  3)  VNII  NP;  4)  C-SM- 
20;  5)  motor;  6)  motor  speed;  7)  fuel;  8)  fuel 
flow  rate,  k^hr;  9)  duration  of  test,  hours; 

II)  quantity  of  oil  tested,  kg;  12)  test  condi¬ 
tions:  a)  oil  temperature,  C;  b)  cooling-liq¬ 
uid  temperature,  °G  (ethylene  glycol);  13 ) 
charaoterlstios  evaluated;  l4)  UIM-NATI;  15) 
IT9-3;  16)  diesel  fuel;  17)  gasoline;  I8)  a) 
burning  of  piston  rings,  quantity  and  nature  of 
deposits  on  piston;  b)  corrosiveness  of  oil  as 
found  from  loss  in  weight  of  metal  strips 
mounted  in  crankcase. 


Table  27  gives  test  results  obtained  by  the  DIM-NATI  apparatus 
[40]  for  several  specinens  of  domestic  and  foreign  oils,  and  gives 
comparative  values  for  thermal-oxidation  stability  characteristics  as 
deteradned  with  a  P2V  setup. 

T.he  Type  IT9  apparatus  has  as  its  basic  function  the  dotenai.na- 
tion  of  fuel  ignition  points  (determination  of  octane  and  cetane  num¬ 
bers).  V.P.  RLllippov  [47]  has  suggested  that  the  IT9-3  apparatus  be 
used,  following  some  modification,  for  oil  tests.  Here  the  motor  in 
the  1T9-3  apparatus  operates  at  higher  speed  (1200  rather  than  90O 
rpm,  the  speed  used  in  detormTaing  <;--tane  numbers)  and  with  the  cool¬ 
ing  liquid  and  the  crankcase  oil  at  higher  temperatures. 
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As  a  result  of  the  increased  combustion  intensity,  after  10  hours 
of  engine  operation,  it  is  possible  to  determine  oil  quality  from  the 
number  of  burnt  rings,  and  frcmi  the  amount  and  nature  of  deposits  on 


Pig.  23*  Ih.a6ram  of  apparatus. 


the  piston. 

A  similar  method  for  evaluating  oil  quality  using  a  1^9-5  carbu¬ 
retor  apparatus,  Icnown  as  the  GSI‘!“20  method,  was  suggosted  by  K.K. 


TABLE  27.  Comparative  Determination  of  Oil  De¬ 
tergency  with  ULK-NATX  Apparatus  and  I&>torless 
Devices 
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1)  Oil;  2)  detergency,  PZV  method,  arbitrary 
units:  3)  thermal-oxidation  stability,  250°, 
min;  4)  determination  of  detergent  properties 
with  UIM-NATI,  arbitrary  units;  5)  SU  machine 
oil,  no  additives;  6)  the  same,  +  3^  TsIATIM- 
339;  7)  Dp-11  diesel  oil  (with  AsNII-TsIATIM-l 
additive);  8)  the  same  (with  TsIATIM-339  addi¬ 
tive);  9)  ln@orted  SAE-30  (premium);  10)  Emba 
crude. 


TABLE  28.  Comparative  Detenoinations  of  Prop¬ 
erties  of  Oils  with  Additives  on  IT9-5  Appara¬ 
tus  (OSK-20  Method)  and  P2V  Apparatus 
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1)  Oil,  additive;  2)  deterciinatlon  by  GSK-20 
method;  3)  varnish  foliation,  4)  corrosion 
in  10  hours,  g/m^;  5)  detorgeacy,  P2V  method, 
arbitrary  units;  6)  BS-II.  no  additives;  7)  the 
game,  +  ^  TsIATI^^.339;  S)  the  saaae,  4.5^  MI 
IF-22;  9)  Ka--l6  (^fca  crude),  no  additives;  10) 
the  same,  +  3^  TsIATIM-339;  11)  the  same,  v  3^ 
ihiiaI-TsIATI^i-l;  12)  the  same,  3^  A2m-4;  13) 
Blmula  Shell  30  HD. 


Papok,  A.P.  Zarubin,  and  Q.V.  ZaWiarov  [3^3* 

In  both  of  these  methods,  oil  corrosiveness  is  determined  from 
the  weight  loss  of  lead,  lead-bronze,  or  other  metal  strips  installed 
in  the  engine  crankcase. 

Tables  27  and  28  con5>are  the  results  of  oil  tests  on  different 
apparatus.  As  these  data  show,  determinations  of  detergency  with  UIM- 
NATI  and  GSM-20  apparatus  agree  well  with  the  resxilts  obtained  on  PZV 
apparatus.  The  results  of  oil  tests  with  motorless  devices,  naturally, 
do  not  give  a  definitive  answer  to  the  question  of  how  given  oils  will 
behave  in  service.  The  results,  however,  permit  tested  oils  to  be 
classified  quite  definitely  into  groups  on  the  basis  of  relative  addi¬ 
tive  effectiveness: 

a)  oils  without  additives  or  with  the  relatively  ineffective  As- 
NII-4  and  AzNII-TsIATIM-1  additive; 

b)  oils  with  phosphorus-containing  additives  (l®I  IP-22); 

c)  oils  with  alkylphenol  additives  of  the  TsIATIK-339  type; 

d)  oils  for  especially  severe  service  conditions  of  the  Rixnula- 
Shell  30  KD  type. 

In  addition  to  these  special  apparatus  described,  quick  tests  of 
oils  and  additives  are  frequently  mads  with  single- cylinder  sections 
of  series-produced  small  diesels  of  the  tractor  type  or  such  motors  as 
the  Ch  G.p/li,  Ch  10-3/13#  B-6,  etc.  The  minimum  duratiori  of  selection 
tests  for  oils  and  additives  in  series-produced  diesel  engines  is  nor¬ 
mally  50-100  hours.  Tests  of  this  length  pemit  the  determination  not 
only  of  the  tendency  of  an  oil  to  form  narbon,  but  also  yield  certain 
comparative  data  on  engine  wear  as  a  function  of  the  oil  or  addlti\»i 
used. 

Since  direct  srdcroaater  eeasuremant  of  engine  parts  in  this  type 
of  quick  test  cannot  yield  reliable  data,  one  of  the  following  methods 


must  be  used  to  measure  wear  in  this  case: 


determination  of  the  weight  loss  of  piston  rings  and  bearing  lin¬ 
ers^  and  In  some  cases  of  other  small  rubbing  parts  that  are  In  con¬ 
tact  with  the  oil  fuel,  by  precision  wel^ng  of  the  carefully  cleaned 
parts  before  euid  after  the  test; 

the  method  of  cut  crescents,  which  permits  determination  of  cy¬ 
linder-sleeve  and  plston-rlng  wear  over  a  25-  to  100-hour  period  of 
engine  operation; 

determination  of  the  la?on  contained  in  the  oil  and  on  the  filters, 
which  makes  it  possible  to  construct  a  “wear  line"  and  coiig)ute  the 
over-all  (total)  engine  wear  during  the  test  period; 
the  radioactive-isotope  method. 

The  method  of  determining  the  wear  rate  by  means  of  radioactive 
Isotopes,  which  has  become  very  common  In  recent  years,  consists  In 
Imbedding  a  plug  of  a  radioactive  element,  normally  cobalt  60,  in  the 
cylinder-sleeve  wall  or  In  a  piston  ring,  or  In  using  a  piston  ring 
that  has  been  made  radioactive;  as  the  rubbing  elements,  Includlni:  the 
radioactive  plug,  wear,  radioactive  abrasion  products  accumulate  In 
the  oil.  Thus,  by  monltorixig  the  activity  of  oil  samples  with  a  coun¬ 
ter,  it  is  possible  to  Judge  the  degree  of  engine-part  wear  in  the 
2ons  “labeled"  by  the  radioactive  element.  The  radioactive-isotope  me¬ 
thod  permits  monitoring  primarily  of  the  relative  wear,  i.e. ,  it 
yields  co:^»arative  data  on  the  effect  of  various  typQS  of  fuels,  oils, 
and  additives  on  tis  rate  at  which  engine-parts  wear.  By  carrying  out 
additional  experiments,  mcni toiling  the  iron  content  of  the  oil,  it  is 
possible .  to  obtain  a  basis  for  an  approximate  calculation  of  the  abso¬ 
lute  wear. 

An  advantage  to  the  A^dioactive-lsotope  mathod  is  its  rapidity, 
since  it  permits  the  relative  -‘car  to  be  dstemlnad  in  the  course  of 
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several  hours  of  engine  operation, 


A  drawback  to  the  method  is  the  need  for  taking  several  measures 
to  ensure  safe  working  conditions  for  the  attendant  personnel. 

Bench  and  operating  tests  of  oils  in  full-size  engines.  The  first 
quick  tests  of  oils  and  additives  on  single- cylinder  apparatus  are 
preliminary  in  nature,  and  make  it  possible  to  select  the  best  speci¬ 
mens  of  a  series  of  tested  oils  or  additives  for  subsequent  long- 
bench  testing  under  conditions  similar  to  operating  conditions.  The 
comparison  of  various  oils,  fuels,  additives,  and  combinations  of  ad- 
^tives,  selection  of  optimum  additive  concentrations,  the  effect  of 
oil  quality  on  the  choice  of  the  most  effective  additives  —  all  these 
questions  should  first  be  approached  by  tests  on  single- cylinder  ap¬ 
paratus,  since  it  would  be  economically  undesirable  to  carry  out  long¬ 
term  tests  on  high-power  diesel  engines  in  order  to  solve  _such  prob¬ 
lems.  The  final  evaluation  of  the  suitability  of  the  oil  specimens 
that  have  been  preselected,  however,  can  be  made  only  after  tests  on  a 
full-size  engine. 

This  type  of  bench  test  normally  lasts  500-lOCO  hours  under  condi¬ 
tions  corresponding  to  actual  eiigine  operation,  with  the  wear  on  basic 
parts  measured  by  micrometer  methods. 

As  an  example,  we  shall  consider  the  bench-test  method  used  at 
the  JIalyshev  Plant  to  select  fuels  and  oils  for  Type  213100  locomotive 
diesel  engines  [42]. 

Ihe  plant  has  carried  out  a  long  series  of  tests  of  fuels  with 
various  sulfur  contents  and  of  oils  with  additives,  with  the  aid  of 

f 

ensxscing  normal  engine  operation  with  fuels  and  oils  made  f3?<xti  Saste^m 
high-sulfur  crudes. 

Tests  lasted  about  6oo  hours  with  great  care  taken  to  ensure 
Identical  tost  conditions  for  each  specimen  of  oil  additive.  As  the 


basis  for  comparison,  l.e.,  the  standard,  measurements  of  wear,  carbon 
formation,  and  other  Indices  were  taken  that  characterize  the  condi¬ 
tion  of  an  engine  following  tests  with  low- sulfur  GOST  4749-49  fuel 
and  1>>11  Baku  oil  with  3^  AzNII-7  additive,  which  were  used  in  the  ac¬ 
ceptance  tests  for  this  engine. 

The  engine  was  operated  under  variable  load  conditions,  with  fre¬ 
quent  changes  from  no  load  to  full  load,  as  is  characteristic  of  loco- 
motlve-dlesel  operation. 

The  following  measurements  were  made  in  carrying  out  the  factory 
tests : 

a)  measurement  of  engine  power,  fuel  and  oil  consumption,  meas¬ 
urement  of  piston  temperature,  and  all  operating  characteristics; 

b)  micrometer  determlriation  of  wear  on  cylinder  sleeve,  oraiik- 
shaft  crankpins,  piston  pins,  bearlxjg  linings,  and  determination  (by 
weij^t)  of  wear  on  piston  rings; 

c)  detemlnation  by  weight  of  carbon  deposits  on  pistons,  in  ring 
g3?ooves,  scavenging  and  exhaust  ports,  as  well  as  deposits  on  oil  I'il- 
ters  and  centrifuge  rotor; 

d)  measurement  of  oil  performance  indices  during  the  test,  in¬ 
cluding  monitoring  of  the  additive  content  of  the  oil. 

!hiis  test  program  permitted  a  very  cosg>lete  evaluation  of  oil  op- 
eratir^i  properties  under  actual  conditions. 

The  most  important  results  of  factory  tests  of  oils  with  addi¬ 
tives,  carried  out  on  the  2D100  engine  are  given  in  CSiapter  4, 

This  type  of  extended  bench  test  makes  it  possible  to  decide  on 
recommendations  for  oils  for  operating  tests  in  several  actual  appli¬ 
cations  (locomotives,  ships,  stationary  plants,  etc. ). 

yoreij^n  motor-test  methods  for  lubricating  oils.  As  we  have  alrea* 

■S, 

dy  described  in  Chapter  1,  in  other  countries  motor  lubricating  oils 


are  classified  by  their  conditions  of  application  into  ordinary  oils 
and  oils  for  heavy  and  extremely  severe  duty.  The  latter  group  is  in 
turn  divided  into  seiles  1,  2,  and  3#  depending  on  the  degree  of  en¬ 
gine  supercharging  and  operating  conditions;  the  oil  grade  is  deter¬ 
mined  by  the  amount  and  effectiveness  of  the  additives  Introduced.  An 
oil  is  classified  into  a  given  group  or  a  series  on  the  basis  of  motor 
tests  carried  out  by  a  standard  method  on  special  engines. 

Quick  test  methods  lasting  3^-100  hours  are  designed  for  evalua¬ 
tion  of  ordinary  oils  and  HD  oils,  as  well  as  for  selection  tests  con¬ 
ducted  for  research  purposes. 

Among  the  most  common  quick  methods  for  testing  oils  are  the  L-4 
methodi  using  a  Chevrolet  automobile  engine  (United  States tests  on 
a  Fowler  or  "Fetter”  engine  (Great  Britain). 

L-4  method.  The  test  carried  out  on  a  six-cylinder  carburetor- 
type  Chevrolet  engine  is  designed  to  determine  the  corrosiveness  of  an 
oil  with  respect  to  lead-bronze  bearing  linings.  Tests  last  36  hours. 


TABLE  29*  Comparative  Evaluations  of  Various 
Oils  for  Their  Tendency  to  Cause  Ring  Burning 
During  Tests  with  Fowler  Hotor 
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1}  Oil;  2)  number  of  hours  of  engine  operation 
prior  to  burning  of  top  piston  ring;  3)  oil 
without  additives;  4}  oil  with  additive^  heavy* 
duty  operation  (series  1);  5)  the  same,  for  es¬ 
pecially  heavy-duty  service  (series  3). 

The  evaluation  is  made  on  the  basis  of  the  bearing  wel^t  loss.  An  oil 
satisfying  the  requireraants  of  the  l-EL  «  210ChA  specification  of  the 


^Uiiited  States  'Dapartment  of  Defense  should  produce  a  ioss  not 

exceeding  100  mg  per  bearing. 

Oils  without  additives,  tested  under  such  conditions,  show  bear¬ 
ing  weight  losses  reaching  1000  mg. 

Tests  with  single- cylinder  Fov;ler  diesel  engine.  This  engine  has 
been  specially  designed  for  evaluating  the  ability  of  oils  with  addir, 
tlves  to  prevent  piston-ring  burning.  The  top  con^resslon  ring  is 
moved  close  to  the  piston  crown  in  order  to  speed  up  the  onset  of 
biirning.  The  ter^erature  in  the  top  piston-ring  groove  reaches  about 

270°C.  The  test  is  continued  uivtil 
the  top  ring  becomes  gummed;  the 
instant  of  gumming  is  determitisd 
from  the  increase  in  crankcase 
pressure  that  occurs  owing  to  es¬ 
caping  gases  from  the  combustion 
chac&er.  The  oil  Is  evaluated  In 
terms  of  hours  of  engine  operation 
before  gumming  of  the  top  ring. 

Table  29  gives  comparative  data  for  various  oils  on  the  basis  of 
POwler-ei^iginQ  tests. 

In  the  United  States,  oil  selection  tests  for  research  purposes 
aro  carried  out  also  with  the  small  Louson  carburetor  typo  engine  (cy¬ 
linder  diameter  $7  mm,  piston  stroke  TO  mm)  [12]. 

The  tests  are  carried  out  in  two  forms: 


'  _ ^  J,  > 


ng,  24.  Piston  of  Caterpil¬ 
lar  engine  following  test  with 
series  2  oil. 


a)  in  order  to  evaluate  oil  corrosiveness,  60  hours  dus^tion; 
tliS  oil  is  maintained  at  a  hi^  temperature  of  13S®C  In  tiio 
crankcase,  with  a  cooling- flvid  temperature  of.  99-100^0; 

■  ■  b)  In  order  to  evaluate  pi.*itoji-riKg  gumming,  duration  100  hours; 
in  Idjis  case,  the  temperature  of  the  oil  iTi  the  crankcase  is  82^0, 


while  the  cooling- fluid  ten^erature  (ethylene  glycol  is  used)  in  the 
cylinder  Jacloet  is  177°C. 

Extreme-pressure  oils  are  given  motor  tests  on  Cate3?pillar  en¬ 
gines  for  480  hours. 

A  series  1  oil  is  tested  in  accordance  with  the  L-l  method.  For 
series  2  oils,  tests  are  carried  out  in  accordance  with  the  ID  or  L-5 
methods,  where  conditions  are  considerably  more  rigorous  than  is  the 
case  with  the  L-l  method. 

L-l  method.  The  test  is  carried  out  with  a  Caterpillar  engine 
without  supe3?charglngj  the  tendency  of  the  oil  to  form  carbon  and  var¬ 
nish  is  investigated,  as  is  piston-ring  gumming  and  over-all  piston 
fouling.  ?^e  test  lasts  480  hours,  with  the  oil  changed  every  120 
hours. 

For  an  oil  to  satisfy  the  stipulations  of  the  MIL-4-2104  specifi¬ 
cation,  the  piston  skirt  and  ring  grooves  must  be  completely  clean, 
as  shown  in  Fig.  24. 

ID  method.  The  test  is  carried  out  in  a  supercharged  Caterpillar 
engine  using  fuel  with  a  high  sulfur  content  (0.93-1*03$^);  this  test 
is  used  for  oils  that  must  satisfy  the  extremely  rigid  requi^'ements  of 
Supplement  2  of  the  MIL-104  specification. 

The  requirements  for  piston  fouling  are  the  same  for  oils  tested 
by  this  method  as  when  the  L-l  method  is  used. 

L-5  method.  This  method  provides  for  a  500- hour  test  of  the  oil 
in  a  2-cycle  five-speed  diesel  engine  with  no  oil  change  at  maximum 
speed  and  load.  The  test  is  designed  to  evaluate  the  anticorrosion  and 
detergency  properties  of  an  oil,  the  tendency  of  the  oil  to  cause  pli- 
ton-ring  gumming  and  bearing  corrosion. 

The  method  provides  that  samples  of  oil  be  taken  and  checked 
every  24  hours  of  operation;  they  may  be  used  to  evaluate  oil  service 

-  95  “ 


i 

i-.’. 


k.: 

r.‘' 


5 


V 

s* 


1* 


'”  “*-’*-i;V  3v  J '.  '•  -'.  .T»  u.*«  ,,  - 


TABLE  30.  Basic  Motor- Test  Methods  for  Foreign 
Oils 
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24 

1500 
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35 

,  15. 

4*TaxTouu  Kap- 
Cuparopiiufi  acu- 
raTeu  lilespoae 
6 

88,9 

95 

30 

3150 


93 

32  Sea  CMeau 
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1)  Naroe  and  identification  number  of  test  me¬ 
thod;  2)  Pov/ler;  3)  Fetter  AVI;  4)  main  purpose 
of  test;  5)  evaluation  of  tendency  of  oil  to 
cause  piston-ring  gumming;  6)  determlr^aition  of; 
a)  corrosion  of  lead-bronse  bearing;  b)  depos¬ 
its  on  piston;  7)  determination  of:  a)  deposits 
on  piston;  b)  bearing  corrosion;  8)  deteimiiia- 
tion  of  oil  detergency  (piston  fouling);  9)  the 
same;  10)  evaluation  of  detergency  and  antlcor- 
ixision  properties,  and  oil  service  life;  11) 
test  duration,  hours;  12)  until  top  ring  gums; 

13)  name  of  engiii©  and  basic  characteristics; 

14)  four-cycle  Fbwlnr  diesel;  1^)  4-cycle  car¬ 
buretor-type  Chevj'^iet  engine;  l6)  4-cycle  Fet¬ 
ter  diesel;  17)  4-cycle  Caterpillar  diesel 
(wiUiout  supercharging);  IS)  4-cycle  Caterpil¬ 
lar  diesel  Vv*ith  supercharging;  1'^)  S-cyci  i  die¬ 
sel;  20)  number  of  cylinders;  21,  cylindv. 
amster,  mm;  22)  piston  strol<o,  m.  23)  power, 
effective  horsepov;er;  24)^speed,  rpm;  25)  mean 
effective  pressure,  Icg/ca^;  26)  operating  con¬ 
ditions;;  27)  water  tee^erature  at  outlet, 

2S]  oil  temperatuiHs,  ®C;  29)  oil  change,  hours; 
30)  specifications  for  test  fuel;;  31)  sulfur 
content,  32}  no  change;  53)  (gasoline);  34) 
(ethylene  glycol);  35)  no  less  than  D.35. 
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life  in  the  engine. 

Table  30  ^ves  engine  characteristics  and  conditions  for  oil  mo¬ 
tor  tests. 

Oils  for  especially  heavy-duty  service  (series  2  and  3)  should, 
in  the  EK>st  critical  cases,  also  undergo  extended  tests  in  full-sise 
engines,  under  conditions  approximating  operating  conditions. 

lubricating  oils  used  for  engis^s  in  the  l/ni ted  States  Kavy  under¬ 
go  special  tests  in  addition  to  standard  tests  such  as  the  Caterpillar 
L-1  test.  Thus,  for  exassple,  series  2  oil  designed  to  lubricate  super¬ 
charged  marine  diesel  engines  operating  under  hl^  loads  and  using 
hi^- sulfur  fuel  are  tested  for  460  hours  (with  no  oil  change)  in  a 
General  Itotors-Tl  engine  operating  with  a  fuel  containing  1.0^  sulfur 
with  a  cooling- water  temperature  of  50°C  and  a  back  pressure  of  50  mi 


I^a^ing  the  teets,  at  specific  tijne  interyais  2^  eea  water  *is  added 
vC;  engim'  erankcasej^-siKulatihg  the- actu^  may  he 

enoo\mtex«d^durin|5  hperatioh  of  the  marine  diesel  engine.. 

In  order  to  satisfy  the  reqxiirements  of  this  very  rigorous  test, 
up  to  10^  or  more  of  detergent  and  i^ic.orrosion  ^ditlves  must  bo  in- 
■troduoed  into  the  oil*  '  ' 

,  In  Great  Britain,  a  Fetter  W-1  engine  with  spark  ignition  is  used 
to  check  the  quality  of  ordir^y  oils  In  place  of  the  1>4  method. 

OSiese  tests  last  36  hours  with,  aa  oiirtea^warature  of  138®C  and  a  cool¬ 
ing-fluid,  teB^ratwe^  o  150^0,  i^e.,  the  conditions  are  close  to 
those  of  the  ii-%  test  method ,.U3in^^  Ciievrolet  engine. 
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Fig.  25.  Piston  of  Patter  AVI  diesel  en¬ 
gine  followii'ig  operation  with  fuel  con- 
\.aiV4.ing  1.0^  sulfur,  fos*  oils  of  various 
typeSv  Ij  premium  oil  (no  detergent  addi¬ 
tive);  2)  KD-type  oil  for  heavy-duty  ser¬ 
vice;  3)  HD  scries  2  oil,  with  high  con¬ 
tent  of  detergent  addi tiva. 

In  addition  to  the  L-1.  test  with  the  Saterpillar  diesel  engl-ie, 
a  siriglo- cylinder  Pettor  .4V1  (C^S.O/li)  diesel  engine  is  used  in  Great 
Britain  to  test  oils  for  hcavj^^-duty  scrvriae.  The  test  lasts  lEO  hours 
with  no  oil  change,  at  a  coolir^- fluid  tcaperature  of  120^0  a:id  Cii  oil 
temperature  of  55^*.  An  arbitrary  scale  is  used  to  deterjaine  the  amount 
of  deposits,  and  the  corrosiveness  is  evaluated  frcaa  the  weight  toss 


of  the  bearing  linings.  / 

ELgure  25  shows  the  side  wall  of  a  Pet^r  AVI  diesel  piston  after 
operation  with  a  high-sulfur  fuel  using,  oils  with  various  types  of  ad¬ 
ditives. 

Becently^  the  special  CLR  engine  has  been  developed  in  tiie  United 


Chapter  4 

UTILIZATION  OP  OIL  VJITH  ADDITIVES  IN  DIESEL  ENGINES 

RESULTS  OP  OIL  AND  ADDITIVE  TESTS  IN  LON  COMBUSTION-INTENSITY  DIESEL 
ENGINES 

Lov^-intenslty  diesel  engines  with  piston  speeds  not  exceeding  6- 
7  m/sec  and  a  mean  effective  pressure  reaching  6  kg/cm  at  pistoxi  tem¬ 
peratures  near  the  top  compression  ring  below  250^Cj  and  place  the 
least  severe  demands  on  oil  quality*  Oils  with  additives  are  used  in 
these  diesels  primarily  in  order  to  avoid  corrosion  of  the  bearing  al¬ 
loys  and  to  neutralize  harmful  combustion  products  of  high-Biilf\u> 
fuels. 

The  low  combustion-intensity  diesels  include  many  low-speed  un¬ 
supercharged  marine  engines «  high-speed  auxiliary  marine  or  statloi^ary 
diesels  such  as  the  Ch8.5/ll  and  Chl0.5/13  diesels^  and  the  majority 
of  automotive- tractor  diesels  (v^ith  the  exception  of  certain  typos  of 
diesel  engifies  such  as  the  YaAZ-S064  S£<n>,  etc. ). 

Tractor  diesel  engines,  however,  which  make  up  nearly  half  the 
number  of  diesels  in  the  Soviet  Union,  are  the  greatest  consumers  of 
fuels  and  oils. 

The  tractor  fleet  operates  basically  with  diesel  fuels  containis^g 
UP  to  1.0^  sulfur,  and  even  more  in  individual  cases.  ^  character¬ 
istic  feature  of  tractor-diesei  operation  is,  operation  in  dust- filled 
air,  which  is  one  of  ths  factors  causing  severe  contamination  of  the 


oil;  thus  problems 


of  usir.g  oils  with '  additives  that  decrease  oil  con- 


sunption  by  prolongins  service 


life  and  the  arrangeaent  of  oil  filter- 


Ixig  for  tractor  diesels  are  of  ext]?esie  lii^)ortance. 

The  basic  tractor-diesel  oil  grades  are  the  diesel  oils  made  to 
GOST  5304-5^  and  GOST  8581-57*  Hesel  oils,  produced  with  TsIATIM-339 
additive,  are  capable  of  providing  reliable  operation  of  low  combus¬ 
tion-intensity  tractor  diesels  when  the  fuels  used  contain  no  more 
than  1.0%  sulfur. 

The  TsIATIM-339  additive,  however,  still  is  not  effective  enoxigh, 
and  does  not  meet  the  requirements  for  oils  used  in  diesels  super¬ 
charged  to  higher  levels.  The  basic  drawback  to  this  additive  lies  In 
its  limited  detergency,  since  the  additive  cannot  prevent  considerable 
carbon  fozmtlon  and  gumming  of  piston  rings  in  high  combustion-inten¬ 
sity  engines. 


TABLE  31*  Effect  of  Additives  on  Properties  of 
DS-11  Diesel  Oil  (l^de  from  Sulfur-Bearing 
Crudes)  as  Determined  on  Laboratory  i^paratus 
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1)  Characteristic j-  2)  with  additivaj  3)  without 
additivei  4}  3^  TslAflK-339i  5)  3^  6) 

4.5^  mi  IP-22;  T)  6%  mil  25P-360;  8) 

19;  9)  10 )  cors’osion,  -  Finkevlch  lasthod 

(on  lead)  11)  thormal-okidatica  stabil¬ 

ity,  Papok  method,  250^0,  mini  12)  detergency, 
PEV  msthcjd,  ai^ltrary  units. 


The .  Asiriin-?  alkylyhenoi  additive  has  somewhat  better  detergency 
and  antiwear,  properties,  but'  aensti-hjless  it  should  also’  be  classified 


TABLE  32.  Results  of  100- Hour  Tests  of  ^mestlc 
and  Foreign  Oils  v/ith  Additives  in  I>-35  Bn^ne 
(Using  Fuel  Containing  Ijfi  Sulfur) 
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I)  Characteristic;  2)  DS-ll  oil;  3)  +35^  TsIAT- 
IM-339j  4)  -E-ojS  Wll  NP-360;  5)  +10^  PMS-19;  6) 

Kastrol,  SAS-30  HD;  7)  Rimula  Siiell  KD; 

8)  sleeve  wear,  microns;  9)  ring  weight  loss, 

g;  10)  amount  of  carbon  on  pistons  and  ring,  h;  ' 

II)  piston  surface,  ^  covered  with  varnish. 

as  an  oil  additive  suitable  for  diesels  with  little  or  moderate  super' 


charging. 

Table  31  gives  results  of  tests  of  DS-ll  diesel  oil  with  various 
additives,  using  laboratory  apparatus.  These  data  show  a  considerable 
improvement  in  detergency  and  anticorrosion  properties  of  the  oil  fol¬ 
lowing  introduction  of  the  additives. 

Table  32  compares  results  of  short-term  tests  of  domestic  oils 
with  additives  a:id  test  results  for  the  best  foreign  specimens. 

data  given  in  Tables  31  and  32  show  that  oils  with  the 
phosphorus-containing  iJP-360  and  JCriI  IP-22  additives,  as  well  as 
with  the  Type  PriS-19  sulfonate  additives,  are  cor.siderably'Eo.re  affec¬ 
tive  than  the  TsIAXI2C-339  os*  AhJill-?  alkylphenol  additives,  and  in 
many  characteristics  approach  the  forei^  oil  designed  for  heavy-duty 
service  such  as  "Kastrol"  or  ‘’Hiaula  S2iell, " 

In  analysini:  the  results  of  oil  motor  tests,  the  Question  natu¬ 
rally  ai^ises  as  to  whether  it  is  possible  to  increase  the  effective-  ■ 


ness  of  additive  action  by  increasing  the  ccnsentration.of  the  addi- 


Figure  26  due  to  N.G,  Puchkov  [36]  shows  results  of  wear  measure¬ 
ments  on  piston  rings  and  the  top  zone  of  cylinder  sleeves  for  a 
YaAZ-204  diesel  as  a  function  of  fuel  sulfur  content  and  concentration 
of  TsIA'nM-339  additive  in  the  diesel  oil. 

As  the  chart  shows,  the  engine  wear  curves  for  oils  with  3  and  5^ 
additive  intersect  at  points  corresponding  to  fuel  sulfur  contents  of 
0. 8-1.0^. 

It  follows  from  tMs  that  when  a  YaAZ~204  engine  is  operated  with 
a  fuel  containing  less  than  1.0^  sulfur,  an  Increase  in  the  concentra¬ 
tion  of  an  additive  of  the  TsIATIM-339  type  over  5^  not  only  does  not 
decrease  wear,  but  may  actually  lead  to  the  opposite  result  in  indi¬ 
vidual  sections  owing  to  an  Increase  in  abrasive  wear. 

Foreign  authors  [57]  have  already  commented  on  the  appearance  of 
abrasive  wear  in  an  engine  with  an  extremely  high  oil  additive  con¬ 
tent. 

On  the  other  hand,  when  high- sulfur  and  especially  heavy  fuels 
are  used,  an  increase  in  additive  content  la  requl]?ed.  This  is  indi¬ 
cated  by  the  widespread  utilization  abroad  of  especially  heavy-duty 
oils  with  additive  contents  reaching  15-20^. 

A  series  of  tests  have  been  carried  out  at  the  Central  Diesel 
Scientific  Research  Institute,  using  Type  ChlO. 5/l3  engines  in  order 
to  obtain  a  relative  evaluation  of  the  effectiveness  of  various  oil 
additives  [30,  31 3  • 

The  tests  were  carried  out  with  GOST  305-58  diesel  fuel  (sulfur 
content,  0.8^),  and  a  heavy  high-sulfur  fuel  containing  1.6^  sulfur. 

The  engine  operated  normally  with  both  fuels,  but  examination  of 
engine  condition  and  amount  of  wear  after  150  hours  of  operation 
showed  a  considerable  difference  in  wear  and  in  the  quantity  of  depc'- 


its  following  operation  with  fuels  containing  0.8  and  1.6;ii^  sulfur. 

Ring  wear  was  determined  by  weight  and  sleeve  wear  ty  the  ores 

) 

cent  method;  in  addition,  total  engine  wear  was  calculated  on  the 


b  Cadipx&Hue  ttpu  B  mimuBt,  % 

Pig.  5  Wear  on  yaAS-204  engine 
as  a  iU-iction  of  oil  additive 
concentration,  for  fuels  with  va¬ 
rious  sulfur  contents,  l)  3^  Ts- 
IATIM-339;  2)  5^  TsIATIM-339;  3) 
piston- ring  xvear,  rag;  4)  cylinder- 
sleeve  v/ear,  microns;  5)  fuel  sul¬ 
fur  content, 


basis  of  a  determination  of  the  oil  iron  content.  Hie  results  given  in 
Table  33  show  that  when  the  engine  was  changed  over  from  a  standaa^ 
fuel,  with  0.8^  sulfur,  to  a  high-sulfur  fuel  and  IVll  oil  with  no  ad¬ 
ditives  was  used,  piston-ring  wear  rose  by  a  factor  of  1.8,  and  sleeve 
wear  by  a  factor  of  3*5»  was  also  aii  increase  in  the  amount  of 

carbon  and  varrJ.sh. 

!Ihe  utilisation  of  oil  additives,  and  in  particular  of  the  phos¬ 
phorus-containing  VJJII  NP-350  and  IP-22  additives  resulted  in  a 
considerable  decrease  in  wear  and  amount  of  deposits;  the  sleeve  t«*car, 
however,  still  exceeded  the  amount  of  wear  found  when  the  engine  was 


TABLE  33*  Results  of  Oil  Afl'.l i.tive  Tests^  4ChlO,5/l3  Engine  Operating  on 
tLLgh-Sulfur  Fuel  (O’est  Duration,  I50  Hours) 
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operated  with  standard  fuel. 


Figure  27  shows  wear  lines  plotted 
on  the  basis  of  a  study  of  the  dynamics 
of  iron- content  Increase  in  the  crank¬ 
case  oil  of  a  ChlO.3/13  engine  when  va¬ 
rious  oil  additives  were  used. 

Tests  using  a  C5hl0.5/13  engine  and 
fuels  with  various  sulfur  contents  were 
also  carried  out  by  M. S.  Smirnov  [43], 


Fig.  27.  Total  engine  wear 
as  a  f'unccion  of  type  of 
fuel  an(^  oiJ  additive 
(wear  lines).  1)  High- sul¬ 
fur  fuel  (S  =  1.6^),  LS-11 
oil  v;lthout  additive;  2) 
the  same,  DS-11  oil  +  4. 55^ 
MNI  IP- 22;  3)  the  same,  + 

+  6^  VNII  i\iP-3-0;  4}  •  - 

sel  tael  (S  ^  DS-11 

oil  without  .  .xv  v'.;  3) 
wear,  g  (f.:-:  ..  iron 
content);  .  engiL',;-  oper¬ 
ating  tlm.,  r.our.i». 


The  series  of  tests  of  oil  addi¬ 
tives  and  fuels  with  various  sulfur  con¬ 
tents  in  Ohio. 5/13  engines  shows  that 
for  the  moat  vulnerable  part  of  the  en¬ 
gine  -  the  cylinder  sleeve  —  the  wear 
per  lOCC  hours  of  operation  with  a  low- 
sulfu**  fuel  amounts  to  about  75  microns 
in  the  upper  zone. 


4,0  w.  ;an  see  from  the  curve  given  in  Fig.  28,  when  a  fuel  x^/lth  a 


0. 8-1.0^  ru..fui'  content  was  used  instead,  sleeve  wear  rose  to  I3O-I6O 


^  S  xfSfk  iti*, 


Fig.  28.  Wear  on  cylinder  sleeve 
of  ChlO.5/13  engine  as  a  functior 
of  fuel  sulfur  concent  and  oil 
additive.  1)  Oil  without  additive; 

2)  the  sa.ue,  Vl'II  ^JP-3oO  additive; 

3)  v/ear,  micrens/1000  hours;  4) 
fuel  sulfur  content,  5)  wear. 


microns.  By  using  diesel  oil  with  VNII  NP- 360  additive,  wear  could 
be  reduced  to  75  microns. 

Thus,  by  using  oil  additives  of  the  phosphorus- containing  VNII 
NP-360  type  or  other  less  effective  additives,  cylinder- sleeve  wear 
can  be  reduced  to  the  level  of  wear  with  a  low- sulfur  fuel  (contain¬ 
ing  0.2^  sulfur)  when  the  engine  uses  a  fuel  containing  up  to  l.OjS. 

As  far  as  high-sulfur  diesel  fuels  are  concerned  (containing  more 
than  1.  sulfur)  they  can  be  used  in  high-speed  diesels  with  no  de¬ 
crease  In  motor  potential  If  an  entire  set  of  measures  is  carried  out, 
i.e. ,  effective  oil  additives,  fuel  additives,  protective  coating, 
etc. ,  are  used  simultaneously. 

The  results  of  selection  tests  have  made  It  possible  to  recommend 
the  tested  additives  for  diesel  factory  tests  in  more  heavily  super¬ 
charged  diesel  engines  of  various  types  using  high- sulfur  fuels  con¬ 
taining  no  more  than  l.OJg  sulfur. 

OIL  SERVICE  LIFE  IN  ENGINE  AND  CONSUMPTION  OP  ADDITIVES 

Oil  service  life  In  an  enfd.ne.  The  problem  of  the  maximum  permis¬ 
sible  oil  service  life  in  an  engine  is  of  primary  iinportance,  since 
too-frequent  oil  changes  lead  to  enormous  waste  of  oil,  while  If  spent 
oil  Is  not  changed  soon  eno\2gh,  excessive  wear  and  engine  fouling  will 
result. 

As  we  have  already  mentioned,  a  certain  portion  of  the  oil  reaches 
the  maximum- temperature  zone  at  the  top  of  the  piston,  and  Is  subjected 
to  severe  thermal  decomposition  with  the  formation  of  carbon-bearing 
products  known  under  the  cormnon  name  of  carbon  scale  and  varnish.  *\*hen 
this  happens,  is  there  a  radical  change  In  the  structure  of  the  hydrd- 
carbons  in  the  basic  portion  of  the  oil  that  does  not  have  extensive 
contac  “.v'ith  the  very  hot  surfaces  of  the  cylinder-piston  system?  Stu¬ 
dies  carried  out  by  G.V.  Vinogradov  [8j,  as  well  as  N.G.  Puchkov  and 


H. S.  Borova  [37]  have  shown  that  despite  the  oll-oxldation  processes 
that  are  going  on  and  some  accumulation  of  polycyclic  compounds,  on 
the  whole,  the  hydrocarbon- group  chemical  composition  of  the  oil 
changes  very  little.  Ulus,  we  may  assume  that  If  there  Is  adequate 
elimination  of  all  contaminants.  Including  thermal-decomposition  prod¬ 
ucts  as  well  as  engine-wear  products,  the  chemical  composition  of  the 
spent  oil  will  differ  little  from  that  of  fresh  oil  over  an  extended 
service  period.  This  fact  raises  the  problem  of  prolonging  oil  service 
life  In  the  engine  by  arranging  for  effective  filtering -during  the  op¬ 
erating  process. 


fig.  29.  Variation  in  diesel-oil  performance 
characteristics  during  operation  of  4Chl0.5/ 

/i3  oil  with  filter  changed  every  75  hours 
(no  oil  chaiige).  1)  t'Jechanical  impurities; 

2)  add  number;  3)  iron  content;  4)  mechan¬ 
ical  Impurities,  acid  number,  mg  KOK/g  of 
oil;  5)  duration  of  engii'.e  operation,  hours; 

6)  ii*on  content,  g/g  of  oil  (xlO»);  7)  fil¬ 
ter  change. 

R)r  the  majority  of  automotive  and  tractor  engines,  as  well  as 
for  many  aai'ine  aiid  stationary  diesels  of  up  to  300  horsepower,  the 
factory  instructions  call  for  a  change  of  crankcase  oil  every  lCC-120 
hours  of  engine  operation.  It  should  be  noted  that  at  the  present  time 
there  are  no  oil  quality  indicators  with  scientifically-established 


UiDlting  values  which  when  reached  indicate  that  the  oil  should  be 
removed  from  the  engine  lubrication  system  and  fresh  oil  supplied. 

In  regular  operating  practice  for  high-speed  diesel  engines,  the 
oil  is  normally  changed  on  the  basis  of  the  fact  that  the  mechanlcal- 
in^urlty  content  should  not  exceed  0.4-0. 5^  and  the  acid  number  should 
not  exceed  0.5  mg  KOH  per  gram  of  oil.  Thus,  for  exaii5>le,  in  YaAZ-204 
automotive  diesels,  the  oil  is  changed  every  three  thousand  or  four 
thousand  kilometers,  i.e.,  after  about  100  hours  of  engine  operation. 
Here  the  characteristics  of  lp-11  oil  have  the  following  values;  me¬ 
chanical  impurities,  0.17-0.36^;  acid  number,  0.2-0. 6  mg  KOH  per  gram 
of  oil. 

When  an  engine  uses  high-sulfur  fuel,  the  oil  ages  at  a  faster 

rate. 

The  acidity  and  mechanical-impurity  content  of  crankcase  oil  may 
be  reduced  by  changing  the  fine  oil  filters  more  often,  or  by  using 
additional  centrifuge  filtering  [30]. 

Figure  29  shows  the  variation  in  certain  characteristics  of  DS-11 
diesel  oils  during  tests  with  a  lChlO.5/13  diesel,  carried  out  by  the 
author,  using  a  fuel  containing  1.6^  sulfur  over  a  275-hour  period  with 
no  oil  change,  but  with  the  type  ASFO  fine  oil  filters  changed  every 
75  hours  [30]. 

As  the  nature  of  the  curves  or  the  change  in  oil  characteristics 
shows,  with  the  engine  operated  on  a  high-sulfur  fuel,  by  the  time  the 
engine  has  been  operated  for  75  hours,  the  oil  showed  very  hi^  values 
for  acidity,  aaechanical  impurities  and  iron  content,  and  required 
changing.  With  the  filter  changed  every  75  hours  of  operation,  with  no 
oil  chaii?^,  not  only  were  the  oil  indices  l»ld  to  permissible  levels, 
but  the.  service  life  was  proloi^ged  to  150-200  hours,  whJ.ch  is  com¬ 
pletely  Justifiable  from  the  point  of  view  of  economics. 
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S.V.  Ventsel*  assximes  that  the  accumulation  o£  organic  impurities 
in  the  oil  has  no  effect  on  engine  wear,  since  the  wear  is  caused  pri- 
liiarily  by  the  abrasive  action  of  the  mineral  portion  of  the  contami¬ 
nants.  Organic  compounds  such  as  gums  create  a  shell  about  the  solid 
particles  of  iron  or  silicon,  and  play  a  positive  role  in  decreasing 
abrasive  wear.  Thus,  according  to  Ventsel*,  oil  filtering  should  conr 
slst  primarily  in  removing  the  mineral  portion  of  the  contaminants, 
i.e. ,  sand,  wear  products,  etc.,  which  is  best  done  by  means  of  cen¬ 
trifuge. 

In  recent  years,  several  tests  have  been  carried  out  with  tractor 
diesels,  using  centrifuge  filtering  or  more  fi*equent  changing  of  fil¬ 
ter  elements.  The  tests  were  aimed  at  decreasing  wear  and  prolonging 
the  service  life  of  the  lubricating  oil  [4,  21]. 

All  of  the  tests  carried  out  show  that: 

a)  centrifuge  oil  filtering  considerably  decreases  engine  wearj 

b)  by  changing  filtering  elements  more  frequently,  oil  service 
life  may  be  prolonged  from  100-120  to  240-360  hours,  producing  an  oil 
savings  of  up  to  25-30J^ 

On  the  basis  of  the  results  of  the  tests  carried  out,  many  trac¬ 
tor  factories  have  replaced  the  fine  oil  filters  in  the  diesels  pro¬ 
duced  with  centrifuge  filters.  These  considerations,  however,  which 
support  the  superiority  of  centrifuges  over  fine  oil  filters  apply  to 
the  reduction  of  abrasive  wear,  and  do  not  fully  take  into  account  the 
hitraful  effect  of  tarry  products,  which  intensify  carbon  and  varnish 
formation  in  the  engine.  Thus,  a  more  reliable  method  of  oil  filtering 
for  diesels  would  be  the  utilization  of  fine  filters  In  conjunction 
with  centrifuges;  os  a  result,  both  the  acid  tarry  products  and  the 
mineral  particles  causing  abrasive  wear  would  be  removed  from  the  oil. 

AriUtive  consumption,  during  operation  of  an  engine,  the  multl- 
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purpose  additive  contained  In  the  oil  Is  gradually  used  up  as  It  re¬ 
acts  with  oil  oxidation  products  and  acid  products  of  fuel  combustion^ 
and  It  Is  replenished  under  operating  conditions  only  when  fresh  oil 


Pig.  30.  Effect  of  fuel  sulfur 
content  on  consuii?>tion  of  TsIAT- 
IM-339  additive  (YaAZ-204  die¬ 
sel).  l)  Ptiel  with  0.2JS  sulfur 
content;  2)  the  samcji  0.3)^  sul¬ 
fur  content;  3)  the  same,  1.0^ 
siilfur  content;  4)  the  same, 

1.3^  sulfur  content;  4)  oil  ad¬ 
ditive  content,  5)  duration 
of  engine  operation,  hours. 


is  added. 

A  rough  Idea  of  the  additive  content  of  an  oil  may  he  obtained 
from  the  oil  ash  content,  and  a  more  precise  idea  from  an  analytical 
determination  of  the  special  components  of  the  given  additive,  such  Is 
barium,  calcium,  or  phosphorus  [21,  45). 

The  actual  mechanism  that  uses  up  additives  has  not  been  defi- 

-  Ill  - 


xiltely  e9ta])llshed;  It  xnay  ^be  assumed,  howsy^,  ^that  the  basic  factors 
for  additive  consismption  are : 

1)  adsorption  of  additives  on  particles  of  undlssolved  contamina¬ 
tion  products  and  retention  of  the  contaminants  by  oil  filters  (cen¬ 
trifuges)  together  with  the  adsorbed  additive; 

2)  direct  adsorption  of  the  additive  by  the  filtering  elements 
in  the  oil  filters. 

These  Ideas  have  been  confirmed  by  numerous  e^qperlments  carried 
out  imder  bench  conditions. 

A.B.  Vlpper  [9]  assumes  that  In  addition  to  the  factors  mentioned. 
Interaction  of  detergent  addltl^res  with  the  surfaces  of  en^^Lne  parts 
acco\mts  for  a  considerable  amoxint  of  additive  loss. 

This  conclusion  follows  from  the  fact  that  the  decrease  In  oil 
additive  concentration  Is  most  noticeable  durlxig  the  first  few  hours 
of  engine  operation. 

The  hl£^r  the  fuel  sulfur  content,  the  more  rapidly  the  additive 
is  used  i^. 

This  Is  explSLlned  by  the  fact  that  as  the  fuel  sulfur  content 
goes  up,  there  Is  an  Incs^ease  In  the  amount  of  acid  products  In  the 
oil,  and  a  rise  in  the  amount  of  eiddltlve  needed  to  neutralize  the 
acid  products  and  disperse  the  carbon  particles.  Figure  30  shows  re¬ 
sults  obtained  by  N.G.  Puchkov  [33]  In  a  study  of  the  consumption  of 
TsIATIM-339  additives  using  a  YaAZ-204  diesel  engine  and  fuels  of  va¬ 
rious  sulfur  contents. 

N.I.  Itlnskaya  and  H.D.  Degtyarev  [21]  have  studied  the  variation 
in  the  properties  of  I|)-l4  diesel  oil  with  TsXATIM-339  additive  during 
operation  of  DT-54  tractors,  with  oil  changes  every  120  to  360  hours. 
The  additive  content  was  monitored  by  determining  the  ash  content,  as 
well  as  the  oil  barium  and  sxilfur  content. 
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Figure  31  shows  the  decrease  in  oil  ash  and  barlijua  content;  from 
this  it  is  possible  to  obtain  a  rough  idea  as  to  additive  consxusption 
when  the  engine  is  operated  for  360  hours  with  no  oil  change. 

As  the  nature  of  the  c\irves  shows,  the  additive  is  consumed  most 
rapidly  over  the  first  60  hours  of  engine  operation,  after  which  the 
content  remains  more  or  less  stable. 

In  this  case  also,  no  noticeable  deterioration  in  oil  detergency 
properties  is  observed. 

It  has  been  established  that  oil  oxidation  occurs  most  vigorously 
during  the  first  60-120  hours  of  engine  operation,  since  it  is  pri¬ 
marily  the  most  unstable  hydrocarbons  that  oxidize  during  this  period. 
The  alkylphenols  that  react  with  the  additive  to  form  organic  acids 
retard  the  oxidation  process  and  prevent  the  oxidation  products  that 
do  form  from  coagulating. 

The  need  for  broad-scale  utilization  of  centrifuges  and  fine  oil 
filters  raises  the  problem  of  whether  or  not  these  filtering  devices 
will  remove  the  additive  from  the  oil. 

A  very  small  quantity  of  additive  may  be  adsorbed  on  the  surfaces 
of  a  new  Type  ASFO  cardboard  filter;  in  the  main,  however,  the  addi¬ 
tive  will  be  trapped  together  with  carbon  deposits,  in  proportion  to 
the  quantity,  having  thus  first  carried  out  its  dispersing  function. 


% 
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Fig.  31-  Variation  in  ash  content  (1)  and 
barium  content  (2)  of  oil  during  engine 
operation.  1)  Ash,  js;  2)  barium  content, 
3)  oil  service  period  in  ex.gine,  hours. 
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A.Q.  yippepj  O.S.  Obleukhova^  and  others  [33]  have  studied  the 
effect  of  centrifuge  filtering  on  the  removal  of  additives  from  oil. 

In  their  test  using  an  automobile  engine  provided  with  a  centrifuge , 
the  oil  additive  content  and  the  additive  content  of  the  deposits  were 
checked  by  determination  of  the  main  additive  content  (barium  or  cal¬ 
cium  metals). 

The  results  of  100-hour  oil  tests  with  TsIATIM-339,  JOJI  IP-22 
additives 4  and  others j  showed  that  relatively  little  additive  was  re¬ 
tained  in  the  centrifuge  deposits  4  ranging  from  21-28j^  of  the  initial 
oil  additive  content. 

In  150-hour  tests  carried  out  by  the  author  with  a  4Chl0.5/l3  en¬ 
gine  «  using  D-11  oil  with  A2NII-7  additive,  the  total  amount  of  addi¬ 
tive  in  the  fine-filter  deposits  and  in  the  centrifuge  amounted  to 
13. of  the  total  amount  of  additive  present  in  the  oil  [32].  Thus, 
the  utilization  of  fine  filters  and  a  centrifuge  in  no  way  interferes 
with  the  utilization  of  oils  with  additives. 

Operating  practice  for  certain  marine  installation  calls  for 
washing  of  the  circulating  oil  with  hot  water  or  steam  and  subsequent 
separation  of  the  water  in  separators.  In  this  case,  some  of  the  addi¬ 
tive  may  be  lost  through  the  formation  of  solutions  or  emulsions  In 
the  water. 

CHOIGS  OF  OILS  AND  ADDITIVES  FOR  SUPERCHARGED  DIESELS 

Testing  additives  for  locomotive  diesels.  In  connection  with  the 
development  of  diesel  locomotive  construction,  the  requirements  of  the 
railway  industry  for  diesel  fuels  has  risen  shazply.  It  has  thus  be¬ 
come  necessary  to  ensure  that  the  fleet  of  diesel  locomotives  can  use 
fuels  and  oils  obtained  by  refining  sulfur-bearing  Eastern  crudes  with 
no  loss  of  engine  reliability  or  service  life. 

In  order  to  solve  this  problem,  several  bench  and  operating  tests 


were  carried  out  with  a  2D100  engine,  which  presently  is  the  chief  en¬ 
gine  type  used  for  main-line  diesel  locomotives;  it  was  operated  with 
fuel  and  oil  from  sulfur-bearing  crudes  and  various  additives  were 


Fig.  32.  Exhaust  ports  of  20100  diesel  fol¬ 
lowing  operation  with  high- sulfur  fuel  and 
OSp-ll  fuel,  l)  Low-sulfur  fuel,  !>-ll  oil; 
2)  high- sulfur  fuel,  OS-11  oil  with  VNII 
KP-360  additive;  3)  the  same,  T5IATIH-339 
additive. 


used. 

The  2D100  diesel  locomotive  engine  is  a  two-cycle  10-cylinder 
diesel  engine  with  opposed  pistons  developing  2000  horsepower  at  85C 
rpm. 

Hie  222100  diesel  is  an  engine  with  very  great  corhustion  inten¬ 
sity.  The  engine  pistons  are  oil  cooled.  Hie  maximum  crown 
reaches  520^0,  while  the  inside  sui’face  of  the  crown,  oi»er  wliich  tlie 
oil  flows,  has  a  tesgsoratui’e  that  fluctuates  IBQ  (at  tlie  center) 
to  260^0  (at  the  periphery).  Thus,  the  222100  Is  characterised  by  con¬ 
siderable  amounts  of  carbon  forcciti-on;  when  hl^-sulfur  fuels  aro¬ 
used,  this  leads  to  the  formation  of  carbon  residue  and  decreases  the 
available  cross  section  of  tiie  cylinder  scavenging 'and  exhaust  port?'. 
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to  gumming  of  the  piston  rings,  the  formation  of  varnish  deposits  on 
the  piston  skirt  with  deposition  of  carbon  in  the  ring  grooves  and  on 
the  inside  surfaces  of  the  piston,  washed  by  the  oil. 

Figure  32  shows  exhaust  ports  of  the  engine  after  operation  with 
a  sulfur-bearing  fuel.  The  carbon  deposited  on  the  piston-head  walls 
washed  by  the  oil  helps  to  raise  the  piston  temperature.  According  to 
V.V.  Arlnkin  C3]j  the  carbon  deposited  during  the  first  150  hours  of 
diesel  operation  raises  piston  temperature  by  65°C. 

The  inc3?eased  carbon  formation  and  Inadequate  oil  circulation 
caused  the  pistons  to  overheat,  which  may  result  in  the  formation  of 
cracks  in  the  piston  crown.  Conversion  of  an  engine  to  sulfur-bearlng- 
fuel  operation,  especially  in  conjunction  with  DS-11  diesel  oil  re¬ 


fined  from  sulfur-bearing  crudes  results  in  a  considerable  increase  in 
the  amount  of  carbon  and  varnish  deposited,  and  makes  it  necessary  to 
use  effective  detergent  and  antiwear  additives  with  the  oil. 

Factory  bench  tests  of  various  additives  have  beer,  carried  out 
with  a  2D100  diesel  operating  on  a  diesel  fuel  containing  1.0  and  1.2J^ 
sulfur  for  periods  of  600  hours  for  each  additive  tested  (Table  34). 

To  establish  a  standard,  a  600-hour  test  was  run  with  a  2ia00  engine 
using  a  low- sulfur  fuel  and  Baku  3)- 11  oil  with  3^  A2NII-7  additive 
[42]. 


Tests  and  operating  experience  with  2D100  diesels  have  shown  that 
when  low- sulfur  fuels  and  Baku  oils  are  used,  little  carbon  is  formed. 

A  maximum  cylinder- sleeve  wear  of  50  microns,  and  no  ring  gunmiing 
was  found  in  the  low- sulfur  fuel  tests,  v/here  the  engine  was  tested 

I 

with  a  sulfur-bearing  fuel  and  oil  w'ith  TsIATIM-339,  A2NII-8,  and  MNI 
IP-22  additives,  unsatisfactory  results  v^jere  obtained.  Sleeve  wear 
with  the  high-sulfur  fuel  increased  by  a  factor  of  1*5  or  more,  reach- 


in.s  values  of  85-95  microns  in  zones  of  maximum  wear. 

The  best  values  for  decreased  wear  and  carbon  formation  were 
given  by  VNII  NP-360  additive.  Here,  as  tests  have  shown,  the  question 
of  the  concentration  of  the  additive  in  the  oil  is  extremely  impor¬ 
tant.  As  the  data  of  Table  34  show,  if  the  concentration  of  VNII  NP- 
360  additive  is  raised  from  6  to  15jS,  there  is  some  increase  in  cylin¬ 
der-sleeve  wear  due  to  the  abrasive  action  of  the  large  number  of  min¬ 
eral  compounds  introduced  into  the  oil  along  with  the  additive.  Opti¬ 
mum  results  v..;re  obtained  when  DS-11  oil  with  SjS  VNII  NP-36O  additive 
was  used.  .  ere  wear  and  carbon  formation  in  the  2IXLOO  diesel,  using 
fuel  with  i'.  l.OJ^  sulfur  content,  corresponded  to  the  values  obtained 
durlnn  the  reference  tests  with  a  low-sulfur  fuel  and  Baku  D-11  oil 
with  zlU.2  additive  (KLg.  33  )• 


•  33-  V^our  .  isevo  of  2DIOO  diesel  during  bench  tests  with  vari- 
fuels  a,  1)  Low-sulfiu*  iXiel,  DP- 11  oil;  2)  sulfur-bearing 

-1,  DS-i;  u  With  VNII  NP-360  additive;  3)  sulfur-bearing  fuel,  BS- 
*  oil  wit.  ..:.ATIN!-339  additive;  4)  zone;  5)  wear,  microns. 
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Operating  tests  with  high-sulfur  fuels  were  carried  out  In  TE-3 
diesel  locomoti'^es.  The  basic  material  In  the  tests  was  the  high-sul¬ 
fur  GOST  305-r  -tth  v.p  to  1. 0^  sulfur  cc’-  .ent  and  DS-11  oil 


Jig.  34.  Wear  on  piston  rings  of 
2D100  diesel  operated  with  oils  hav¬ 
ing  various  additives,  l)  Wear  on 


first  congjression  ring  of  top  pis¬ 
tons,  2)  oil;  3)  fuel:  4)  D-llj 
5)  low-sulfur,  S  =  6)  DSp-11. 

TSIATIM-339J  7)  DSp-11.  AzNII-7;  8) 
DSp-11,  VNII  NP-36OJ  9)  high- sulfur, 
S  =  0.8-1.0J$. 


with  VNII  NP-36Q,  TSIATIM-339P,  and  AzNII-7  additives.  All  of  the  test 
results  obtained  wore  compared  with  corresponding  data  for  reference 
diesel  locomotives  using  fuel  with  0.2^  sulfur  content  and  D-11  Baiku 
oil  (GOST  5304-14).  Each  oil  sped  -en  was  tested  in  three  diesel  loco¬ 
motives  with  a  total  rur.  of  110, OCD  Icn.  Operating  tests  of  DS-11  oil 
with  TslATIK-339  and  A2NII-7  addi’ Ives  gave  less  satisfactory  result^. 

Figure  34  .aows  comparative  ''  ilues  for  piston-ring  wear  in  opeiv 
ating  tests  with  a  2D100  diesel  u:  *.  z  diesel  oils  with  various  addi¬ 
tives  tlSJ. 


.The  results  of  tests  of  BS-ll  oil  with  VNII  NP-360  additive 
showed  that  the ; condition  of  the  2D100  engine  following  operation  with 
a  high-sulfur  fuel  was  no  worse  with  respect  to  wear  or  piston-ring 
gumming  (Table  35)  than  that  of  the  engine  of  a  reference  diesel  loco¬ 
motive  that  used  a  low- sulfur  fuel  and  D-11  Baku  oil.  There  was  a 
slight  exception  to  this  statement  in  that  the  scavenging  ports  bore 
an  increased  amount  of  carbon  d(  posiv,  making  it  necessary  to  clean 
them  at  least  every  40-50  thousand  km. 

The  tests  carried  out  with  diesel  fuel  containing  up  to  I.OJ^  sul¬ 
fur  and  DS-11  oil  with  VNII  NP-36O  additive  in  diesel  locomotives 
permitted  the  ia.nistry  of  Railways  to  recommend  that  these  types  of 
fuels  and  oils  be  introduced. 

Tests  of  additives  for  high-speed  marine  diesel  engines.  The  navy 
is  one  of  the  major  consimiers  of  diesel  fuel;  it  is  thus  extremely  im¬ 
portant  to  make  it  possible  to  use  s\alfur-bearlng  fuels  in  marine  die¬ 
sels  without  decreasing  reliability  or  service  life.  In  this  connec¬ 
tion,  several  operating  bench  tests  have  been  carried  out  recently  for 
various  types  of  marine  diesels  uslxig  oils  with  additives. 

In  all  tests  of  a  sulfur-bearing  fuel  containing  up  to  1.0^  sul¬ 
fur  with  no  oil  additives,  increased  wear  and  oaibon  deposits  were 
noted.  I'fhen  diesel  oil  with  TsIATIH-339  additive  was  used,  wear  and 
carbon  in  the  types  of  engines  mentioned  corresponded  roughly  to  the 
values  measured  when  a  low- sulfur  fuel  was  used  in  operation.  As  an 
exaii^le,  we  may  cite  the  results  of  500-hour  tests  with  a  316  engine 
(see  Table  36).  It  is  clear  froi  these  data  that  the  utilization  of 
TsIATIM-339  additive  yielded  some  decrease  in  carbon  deposition  when 
the  engine  used  a  fuel  containing  no  more  than  1.0^  sulfur;  when  the 


fuel  contained  more  sulfur,  however,  the  detergent  action  of  this  ad¬ 
ditive  proved  insufficiently  effective. 


TABLE  35.  Basic  Result?;  of  Operating  Tests  with 
2D100  Diesels  Running  on  High- Sulfur  Fuel  and 
Oil  with  VNII  NP-36O  Additive  (from  Data  of 
I.S.  ZelenetskLy) 
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TABLE  36.  Wear  on  Basic  Parts  of  3D6  Diesel  Af¬ 
ter  500  Hours  of  Operation  as  a  Function  of 
Fuel  Sulfur  Content  and  Oil  Additive  (from  Data 
of  M.  S.  Smirnov) 
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ExtJended  operating  tests  w^  vh  M-50,  3336,  9D  and  other  marine  die¬ 
sel  engines  shonled  that  It  was  possible  to  operate  :these  engines  tem¬ 
porarily  with  fufels  containing  up  to  1.0^  sulfur  and  an  oil  with  TsIAr 
TIM- 339  additive  prior  to  the  organization  of  broad- scale  Industrial 
production  of  more  effective  oil  additives. 

Tests  with  Type  40D  engine.  The  40D  marine  engine  Is  a  heavily 
supercharged  engine.  Tests  wi*;’  a  lew- sulfur  fuel  and  the  mixture  rec¬ 
ommended  by  the  factory  of  r--!  .  iaka  oil  and  MK-22  aviation  oil  and 
TsIAa^M-339  additive  showed  tha'l  the  engine  remained  in  cos^letely 
satisfactory  condition.  This  test  was  taken  as  a  reference  test. 

A  series  of  100-hour  teats  of  this  diesel  engine  with  a  hl£^-8ul- 
fur  fuel  (containing  about  l.OjS  sulfur)  and  BS-11  oil  with  various  oil 
additives  showed  that  In  all  cases  the  condition  of  the  engine  was 
poorer  than  It  was  following  the  reference  tests  (Table  37)*  Thus,  for 
exar^le,  after  tests  of  the  PMS-19  oil  additive,  a  decrease  In  piston¬ 
ring  wear  was  noted  together  with  a  small  amount  of  varnish  deposits; 
the  number  of  gummed  rings,  however,  proved  very  hl^. 

Thus,  the  tests  showed  that  In  order  to  make  It  possible  to  oper¬ 
ate  a  40D  engine  with  fuels  and  oils  refined  from  high-sulfur  crudes. 

It  Is  necessary  to  develop  more  effective  additives  than  the  test  spe¬ 
cimens.  IJntll  the  new  additives  have  been  created.  Type  40P  super¬ 
charged  diesel  engines  should  bo  operated  on  low- sulfur  fuel. 

SPECIAL  CYLINDER  OILS 

Modern  diesel-powered  vessels  <~x*e  equipped  with  large  diesel 
plants  of  from  3-6  thousand  to  20,000  horsepower  In  the  unit  and  speeds 
of  120  rpm.  These  engines  are  low-speed  crosshead- type  diesel  with  a 
separate  lubricating  system.  The  high-power  marine  diesels  include  en¬ 
gines  of  the  Burmeyeter  and  Naln,  Doxford,  M^,  Sulzer,  and  other 
types.  A  tendency  oharacterletlc  of  the  operation  of  low-speed 
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diesels  abroad  Is  the  attempt  tc  use  heavy  residual  fuels^  l.e. ^  re¬ 
sidual  fuel  oil  for  mixtures  of  distillates  and  residual  fuel  oil  In¬ 
cluding  fuels  with  very  high  sulfur  contents  (up  to  3-^5^)  • 

The  utilization  of  heavy  fuels  is  due  primarily  to  their  lower 
cost.  Owing  to  the  low  cost  and  low  consumption  (in  terms  of  weight) 
of  fuel;  high-power  marine  engines  can  compute  successfully  with  steam- 
turbine  Installations. 

The  possibility  of  using  heavy  fuels  in  large  slow- speed  marine 
diesels  has  come  about  as  a  result  of  certain  structural  features  of 
these  engines  and  the  utilization  of  special  cylinder  oils.  In  many 
engines  of  this  t^^e^  the  cylinder  is  separated  from  the  crankcase  by 
a  diaphragm  through  which  the  piston  rod  passes ^  through  a  gland.  This 
design  prevents  combustion  products  of  the  high-sulfur  fuel  and  the 
cylinder  oil  from  reaching  the  engine  crankcase «  and  protects  the 
crankcase  oil  against  contamination. 

The  engine  is  lubricated  separately;  the  oil  used  to  lubricate 
the  crankshaft-connecting  rod  mechanism  is  also  used  to  cool  the  in¬ 
side  of  the  piston.  The  engine  cylinders  are  lubricated  by  meaxis  of 
oil  cups.  Cylinder-oil  consumption  normally  does  not  exceed  1.0  g/ 
/horsepower-hour. 

Oil  with  a  viscosity  of  10-12  sst  for  lOO^C  is  normally  used  to 
lubricate  the  crankshaft- connecting  rod  mechanism;  it  contains  no  ad¬ 
ditives  or  a  small  amount  of  antioxidant  additive.  ;\lhen  the  engine  is 
operated  on  heavy  sulfur-bearing  fuel,  the  cylinders  are  lubricated 
with  more  viscous  oils  containing  more  detergent  antisulfur  additive. 

In  this  country,  v;e  normally  lubricate  slow- speed  diesels  as  follov;s: 
for  the  crankcase  oil,  a  motor  oil  (GOST  1519-^2)  is  used  for  the  vis¬ 
cosity  of  10-11  sst  at  100®C;  and  for  cylinder  lubrication,  AK-15  -v- 
tol  (GOST  1862-60}  for  the  %  .cosity  of  16  sst  at  lOO^C,  as  well  as 
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MS-20  oil  (GOST  1013-49),  while  in  r^anr  caoes,  the  same  motor  oil  is 
used, for  the "cylinders.  In  an  engine  running  on  heavy  sulfur-bearing  ‘ 
fuels,  however,  these  oils  cannot  reliably  protect  the  engine  against 
corrosion  wear  and  the  formation  of  deposits.  In  such  case,  it  is  nec¬ 
essary  to  use  special  cylinder  oils. 

In  other  countries  [6],  hl^-grade  oils  with  viscosities  of  15-25 
sst  at  100°C  are  used  as  cylinder  oils;  they  contain  alkali  additives 
(for  example,  "Caltex, "  "Shell  Tulsa  Oil,"  "Gargoyle,"  etc.).  They  de¬ 
crease  sleeve  wear  when  the  en^ne  uses  a  high-sulfur  fuel. 

The  ESSO  Company  produces  a  special  "TRO  MAR  DX- 130 "cylinder  oil 
with  a  viscosity  of  24  sst  at  100°C;  according  to  data  supplied  by  the 
company,  it  decreases  cylinder  sleeve  wear  during  operation  of  an  en¬ 
gine  with  heavy  sulfur-bearing  fuels  by  80J^  in  coii5>arlson  with  a 
standard  oil  having  no  additives. 

There  is  considerable  interest  in  the  so-called  "emulsion  oils, " 
which  have  obtained  limited  application  in  marine  engines. 

Emulsion  oils.  Until  recently,  only  substances  that  dissolve  in 
petroleum  products  have  been  used  as  oil  additives,  i.e.,  organic  com- 
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rag.  35*  stability  of  Alexia 
emulsion  oil  as  a  function  of 
temperature.  1)  Temperature. 

®C;  2)  storage  time  (months). 

operated  on  sulfur-bearing  fuel. 


pounds,  salts  of  organic  acids  such 
as  naphthenates,  sulfonates,  as  well 
as  phenolates  of  various  metals. 

This  has  greatly  limited  the  variety 
and  decreased  the  effectiveness  of 
.-.'■.ances  which  could  be  used  to 
Improve  the  anticorrosion,  antiwear, 
and  other  properties  of  lubricating 
oil,  especially  where  engines  are 


The  Shell  Company  has  developed,  tested,  and  marketed  a  new  type 


of  .so-called .  “emulsion,”  oil  under  the  trade  n^  41.e3d.a-^ell;  these 
oils.  con;taln  a  solution  of  additive  distributed,  in  the,  oil  as  an  emul- 
Sion.  .....  i 

Alexia- Shell  emulsion  oil  takes  the  form  of  an, oily  milky-white 
fluid,  and  it  is  designed  only  for  engine  cylinder  lubrication  by 
means  of  oil  cups. 

As  analysis  of  Imported  Alexia-Shell  emulsion  oil  has  shown  it 
is  based  on  an  ordinary  base  oil  with  viscosity  of  I6-I8  sst  at  100°C 
which  contains,  in  the  form  of  an  emulsion,  up  to  30^  of  a  water  solu¬ 
tion  of  calcium  salts  (in  particular,  calcium  acetate). 

Calciiim  acetate,  which  is  the  salt  of  a  weak  acid,  has  the  prop¬ 
erties  of  a  base  and,  reacting  with  the  sulfuric  acid  that  forms  on 
combustion  of  a  sulfur-bearing  fuel,  neutralizes  lt»  thus  decreasing 
sleeve  and  piston- ring  wear. 

The  most  important  requirement  for  this  type  of  emulsion  is  sta¬ 
bility.  l.e.,  there  should  be  no  separation  of  the  water  phase  from 
the  oil  with  possible  changes  in  ambient  teim>erature. 

The  emulsion  is  stabilized  by  the  introduction  of  special  sub¬ 
stances  -  stabilizers  that  prevent  the  colloidal  system  from  coagulat¬ 
ing,  l.e.,  that  prevent  stratif-catlon  of  the  emulsion  oil. 

Shell  emulsion  oil  retains  its  stability  at  a  temperature  of  38°C 
for  more  tlian  half  a  year.  At  hlglier  temperatures,  emulsion  stability 
was  less  satisfactory.  Figure  35  shows  the  stability  of  the  emulsion 
oil  as  a  function  of  temperature.  As  the  temperature  was  lowered,  the 
emulsion  remained  stable  to  -10°C.  Here  its  viscosity  increased,  as 
with  ordinary  oils. 

Tests  of  the  emulsion  oils  used  to  lubricate  cylinders  of  slow- 
speed  diesel  engines  using  heavy  sulfur-bearing  fuels  have  shown  that 
the  antiwear  and  anticarbon  properties  are  better  than  those  of  ordl- 


nary  oils  including  oils  with  additives.  A  test  carried  out  in  a  sin¬ 
gle-cylinder  section  of  a  two-cycle  Sulzer  engine  using  a  heavy  fuel 
having  a  viscosity  at  50^0  at  23°  VU,  a  sulfur  content  of  3»5^j  a  car¬ 
bon  residue  of  11^  and  an  ash  content  of  0.  has  shown  that  the  wear 
on  the  cylinder  sleeve  and  piston  rings  decreased  when  emulsion  oils 
were  used  to  the  level  established  when  the  engine  was  operated  on 
diesel  fuels  and  ordinary  oils. ' 

When  emulsion  oils  replace  ordinary  oils,  there  is  edso  a  notice¬ 
able  decrease  in  the  carbon  formed  on  exhaust  ports  and  no  carbon  is  , 
found  in  the  ring  grooves,  laie  amount  of  carbon  in  tlie  combustion 
chamber  was  less,  and  it  was  lighter  in  color.  .  .  ' 

The  results  of  bench  tests  carried  out  with  sections  of  engines 
made  it  possible  to  organize  broad-scale  tests  under  operating  condi¬ 
tions.  These  tests  were  arranged  for  an  entire  series  of  diesel-pow¬ 
ered  vessels  equipped  with  two-cycle  Burmeyster  and  Wain,  Doxford,  Sul¬ 
zer,  MAN,  Werkspur  and  other  diesels. 

Comparative  data  on  wear  was  obtained  by  lubricating  certain  cy¬ 
linders  with  emulsion  oil  while  the  remaining  cylinders  worked  with 
standard  oil. 

Some  of  the  results  from  these  comprehensive . tests  are  given  in 
Table  38. 

In  all  cases,  the  wear  on  cylinder  sleeves  lubricated  with  the 
emulsion  oil  was  less  than  with  the  standard  oil  (by  factors  of  3  or 
4,  and  even  more  in  isolated  cases). 

The  drawbacks  inherent  in  emulsion  oils  Include: 

a)  higher  consumption  of  emulsion  oil  than  regular  oil,  since  the 
emulsion  oil  contains  a  considerable  amount  of  water; 

b)  inadequate  emulsion-oil  stability  at  high  temperatures.  Thus, 
at  50°C,  the  oil  cannot  be  stored  for  more  than  3  months.  Thus  theix: 
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TABLE  33,  Results  of*  Operating  Tests  with  Marine 
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are  certain  difficulties  Involved  in  long-term  storage  and  utilization 
of  emulsion  oils  in  tropical  regions. 

These  emulsion-oil  drawbacks  have  caused  the  Shell  Company  to 
market  new  grades  of  cylinder  oils  recently;  they  are  based  on  naph- 
thenates  dissolved  in  the  oll^  and  do  not  use  water  pulsions. 

These  oils  are  free  the  defects  of  emulsion  oils^  and  at  the  same 
time  have  good  antiwear  and  detergency  properties. 

In  connection  with  the  organization  of  production  of  large  marine 
diesel  engines  in  the  Soviet  tJhlon,  the  question  has  arisen  as  to  the 
creation  of  domestic  cylinder  oils  that  will  make  it  possible  to  use 
heavy  high- sulfur  fuels  with  no  decrease  in  engine  motor  potential. 
Preliminary  tests  of  ea^perimental  specimens  of  special  domestic  cylin¬ 
der  oils  have  yielded  satisfactory  results. 

Manu¬ 
script  [Footnote  J 

Page 
No. 

121  The  numerator  gives  data  on  the  top  piston^  and  the  denomi¬ 
nator  data  on  the  bottom  piston. 


CONCLUSION 


Tests  and  operating  experience  with  oils  containing  additives  In 
various  types  of  diesels  have  sliown  that  the  utilization  of  additives 
makes  It  possible  to  Improve  oil  quality  considerably  and  thus  de- 


TABLE  39.  Proposed  Diesel-011  Classification 
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1}  Group;  2)  type  of  oil;  3)  function;  4)  oils 
for  ordinary  service  conditions  (series  1);  5) 
oils  for  heavy-duty  service  (series  2);  6)  oils 
for  especially  severe  service  (series  3);  7) 
for  lubricating:  a)  lightly  superchax^d  die¬ 
sels;  b)  engines  using  fuels  containing  up  to 
0,2^  sulfur;  8)  fox*  l^^bricatlng;  a)  super¬ 
charged  diesels  using  fuels  containing  up  to 
1.0^  sulfur;  b)  diesels  using  fuels  containing 
more  than  111  sulfur;  9)  for  lubricating  very 
highly  sii^rcharged  diesels  working  with  vary¬ 
ing  loads  and  running  on  high-sulfur  fuels* 


crease  wear^  reduce  the  amount  of  varnish  and  carbon  deposits  on  en¬ 
gine  pai«ts,  and  Isprove  opex'atlng  conditions^  i*e.  *  In  the  last  anal- 
ysis^  to  increase  engine  relialility  and  service  life* 

At  the  .same  tise>  we  shcu.c  note  timt  the  quality  aM  correspond¬ 
ing  vaidety  of  oils  used  in  dit^sel  er*gines  still  does  not  correspond 
ccsple.tely  to  operating  rcq'-iivnents. 


Diesel  oils  with  TsIATlM-339  AzNII-T  alkylphenol  additives 
make  it  possible  to  operate  low  combustion- Intensity  diesels  on  fuels 
containing  up  to  1.0^  sulfur. 

Oils  with  phosphorus-containing  VNII  NP-36O  additives  are  recom¬ 
mended  for  Type  2D100  supercharged  diesels  when  fuels  containing  no 
more  than  1.0^  sulfur  are  used. 

At  the  present  time,  we  have  no  oils  and  additives  for  expecially 
severe  service  conditions  that  can  provide  reliable  operation  of  high 
combustion- intensity  diesel  engines  using  heavy  gas-turbine  super¬ 
charging  when  fuels  with  various  sulfur  contents  are  used.  Only  fuels 
with  sulfur  contents  not  exceeding  0.2^  can  be  used. to  operate  these 
diesel  engines. 

We  also  have  no  special  cylinder  oils  to  lubricate  supercharged 
slow-speed  marine  diesels  working  on  heavy  fuels. 

From  the  viewpoint  of  increasing  service  life  (motor  potential)  ’ 
of  diesels  of  all  types,  r-^gardless  of  combustion  Intensity,  it  is  de¬ 
sirable  to  use  oils  with  additives  that  possess  better  antiwear  and 
detergency  properties. 

The  existing  motor-oil  classification,  which  divides  the  variety 
of  oils  into  automotive,  tractor,  diesel,  aviation,  and  other  classes 
does  not  correspond  to  the  actual  utilization  of  oils  in  engines. 

It  would  be  more  desirable  to  classify  oils  on  the  basis  of  the 
severity  of  the  conditions  under  which  the  oil  must  operate  in  the  en¬ 
gine  (allowing  for  the  design  and  combustion  intensity  of  the  engine, 
operating  conditions,  fuel  quality,  etc.). 

The  basis  for  the  dlecel-oil  classification  should  be  the  classi¬ 
fication,  given  earlier  (Chapter  1,  Table  2)  of  diesel  engines  by  de¬ 
gree  of  supercharging,  which  separates  diesel  engines  into  3  groups  on 
the  basis  of  supercharging. 


In  accordance  with  this  classification  of  diesel  engines,  and  al- 

"'i 

lowing  for.  the,  utilization  of  fuels  with  various  sulfur  contents,  the 

I 

proposed  oil  classification  will  talce  the  form  shown  in  Table  39* 

In  addition  to  the  three  oil  groups  shown,  it  is  also  possible  to 
have  a  temporary  group  A  (.series  0)  oil  classification,  which  will  in¬ 
clude  oils  not  having  additives  or  with  relatively  ineffective  addi¬ 
tives  used  to  lubricate  low  conibustion-lntenslty  low- speed  diesels  of 
older  design,  and  carbiiretor-type  engines.  As  time  passes,  production 
of  these  oils  will  be  curtailed,  and  they  will  be  replaced  by  better- 
quality  grades. 

The  oils  of  each  group  should  be  produced  in  the  form  of  grades 
with  varying  viscosities  ranging  from  3  to  20  sot  at  100°C  such  as, 
for  example,  M-IOV,  M-12V,  M-l6V,  etc. 

We  still  have  no  sufficiently  reliable  Indices  to  characterize 
the  quality  of  each  type  of  oil.  As  a  rou^  approximation,  we  may  as¬ 
sume  that  the  indices  determined  with  laboratory  appaa’atus  should  have 

V  .  .  ■  r  ■ 

the  values  for  the  oils  in  these  groups  showii  in  Table  4o. 

On  the  basis  of  the  results  of  the  tests  discussed  in  Chapter  4, 
we  may  assume  that  the  oils  produced  commercially  containing  the  TslA- 
TIi4-339  and  AsKII-7  alkylphenol.  additives  will  be  classified  as  series 
I'  oils.  . 

Oils  with  VJm  BJP-360  or  .W  lP-22  additives  may  be  classified 
arbitrarily  as  series  2  oils :  for  example,  M-12V  oil. 

At  the  present  time,  we  do  net  produce  series  3  oils  (for  espe¬ 
cially  severe  operating  ccndlticns), 

Ex^aluation  of  oil  quality  on  motorless  apparatus,  however,  is  at 
best  pre liiainai*y  in  nature.  V;  w  final  classification  of  oils  into  the 
vax’ious  groups  should  be  out  only  on  the  basis  of  positive  re¬ 

sults  from  motor  tests  oarrlec  out  in  accordame  with  a  special  piH>- 


TABIE  40.  Characteristics  of  Proposed  Oils  of 
Various  Types  as  3valuated  on  Laboratory  Appa¬ 
ratus 
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l)  Oil;  2)  corrosiveness,  Pinkevich  method, 
lead  plate,  g/m^,  no  more  than;  3)  oxidizabil¬ 
ity  in  DK-2  apparatus  (residue,  ^),  no  more 
than;  4)  detergency,  PZV  method,  arbitrary  un¬ 
its,  no  more  than;  5)  thermal- oxidation  stabil¬ 
ity,  Papok  method,  mir..,  no  less  than;  6)  for 
ordinary  operating  conditions  (series  l);  7)' 
heavy-duty  service  (series  2);  8)  especially 
severe  service  conditions  (series  3)* 


gram  on  appropriate  types  of  engines. 

The  new  classification  and  associated  suggestions  as  to  li^prove- 
ment  of  the  varieties  of  oils  available  will  aid  in  Increasing  the 
quality  of  oils  and  additives  for  existing  and  future  types  of  diesel 
engines. 


iHvroduction  of  the  new  motoivoil  classification  and  practical 
realization  of  the  new  catalogue  of  oils  requires  primarily: 

a)  the  creation  of  new  more  effective  oil  additives  that  will 
make  it  possible  to  undertake  production  of  types  of  oil  presently  in 
short  supply,  in  particur  r,  oils  for  especially  severe  service  con¬ 
ditions  (series  3); 


b)  the  development  of  standard  methods  and  special  engines  for 
performing  motor  tests  on  oils  and  additives  that  will  be  relevant  to 
the  various  engine  o^-eratlng  conditions. 

This  problem  may  be  solved  successfully  iby  the  combined  efforts 
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of  worlo^rs  in  tli^e  petroleum  Industry «  ^esel-e^ngine  plant.s^  and  con- 
sumers  Of  petroleum  pJMducts.'* 
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